HEATHKIT 
MANUAL 


| 


HEATH COMPANY - BENTON HARBOR, MICHIGAN 


HEATH COMPANY PHONE DIRECTORY 


following telephone numbers are direct lines to the departments listed: Technical Assistance Phone Numbers 
= = 8:00 A.M. to 12 P.M. and 1:00 P.M. to 4:30 P.M., EST, Besieng tied 
Kit orders and delivery information .... . 


- (616) 982-3411 


(616) 982-3307 


- +» (616) 982-3884 


ARRAS ASSIASSASARSRRRRASARAAASRSRGI 


YOUR HEATHKIT 90-DAY LIMITED WARRANTY 


Consumer Protection Plan for Heathkit Consumer Products 


Welcome to the Heath family. byl shitce Medhaarbal deepal Npbir che edi inept 
performance. Please read this Consumer Protection Plan carefully. It is a "LIMITED WARRANTY" as 
defined in the U.S. Consumer Product Warranty and Federal Trade Commission Improvement Act. This 
warranty gives you specific legal rights. and you may also have other rights which vary trom state to state. 


Heath's Responsibility . 

PARTS — Replacements for factory detective parts will be supplied tree for 90 days from date of purchase. Replacement parts are 
warranted for the remaining portion of the original warranty period. You can obtain warranty parts direct from Heath Company by writing 
‘oF telephoning us at (616) 982-3571. And we will pay shipping charges to get those parts to you . . . anywhere in the world. 

‘LABOR — For a period of 90 days from the date of purchase, any malfunction caused by defective parts or error 
in design will be corrected at no charge to you. You must deliver the unit at your expense to the Heath factory, any HealhZenith 
‘Computers and Electronics center (units of Veritechnology Electronics Corporation). or any of our authorized overseas distributors. 
TECHNICAL CONSULTATION — You will receive free consultation on any problem you might encounter in the assembly or use of your 
Heathkit product. Just drop us a line or give us a call. Sorry. we cannot accept collect calls 
NOT COVERED — The correction of assembly errors. adjustments. calibration, and damage due to misuse, abuse. or negligence are 
‘not covered by the warranty. Use of corrosive solder and/or the unauthorized modification of the product or of any furnished component 
will void this warranty in its entirety. This warranty does not include reimbursement for inconvenience, loss of use. customer assembly. 
set-up time. or unauthorized service. 


This warranty covers only Heath products and is not extended to other equipment or components that a customer uses in conjunction with 
our products, 
‘SUCH REPAIR AND REPLACMENT SHALL BE THE SOLE REMEDY OF THE CUSTOMER AND THERE SHALL BE NO LIABILITY 


ON THE PART OF HEATH FOR ANY SPECIAL, INDIRECT, INCIDENTAL OR CONSEQUENTIAL DAMAGES, INCLUDING BUT 
NOT LIMITED TO ANY LOSS OF BUSINESS OR PROFITS, WHETHER OR NOT FORESEEABLE. 


Some states do not allow the exclusion or limitation of incidental or consequential damages. so the above limitation or exclusion may not 
apply to you 
Owner's Responsibility 

EFFECTIVE WARRANTY DATE — Warranty begins on the date of first consumer purchase. You must supply a copy of your proof of 
purchase when you request warranty service or parts. 
ASSEMBLY — Before seeking warranty service. you should complete the assembly by caretully following the manual instructions 
Heathkit service agencies cannot complete assembly and adjustments that are customer's r 
ACCESSORY EQUIPMENT — Perormance malfunctions involving other non-Heath accessory equipment, (antennas, audio compo- 
‘nents. computer peripherals and software. eto.) are not covered by this warranty and are the owner's responsibility. 
‘SHIPPING UNITS — Follow the packing instructions published in the assembly manuals. Damage due to inadequate packing cannot be 
fepaired under warranty. 

Ityou are not satistied with our service (warranty ot otherwise) or our products. write directly to our Director ot 


Customer Service. Heath Company. Benton Harbor MI! 49022. He will make certain your problems receive 
immediate. personal attention. 


SENRSSRRSSSSIRESERSSERBSSRRBSS NEDSS SBRON SSNS SSIES SSN BSNS 


dai ide 9 capsloe dy guaae 


Awning 


QA 


Heathkit® Manual 


for the 


35 MHz DUAL TRACE 
OSCILLOSCOPE 
Model 10-4235 


OPERATION 595-2246-05 


Copyright © 1979 
HEATH COMPANY Heath Company 
All Rights Reserved 
BENTON HARBOR, MICHIGAN 49022 Printed in the United States of America 


Page 2 


— Sr 


TABLE OF CONTENTS 


INTRODUCTION .....0..000 eee eer eres tenets es 3 


SPECIFICATIONS .......+++28 0000 e ree 4 


OPERATION 
Alternate Primary Voltages 
Control Functions . 
Presetting Controls . . 


Normal Operating Charac 12 

Using A 2-Millivolt Oscillo: 12 

Operational Examples ......-- 13 

Applications ......... 16 
TIEORY OF OPERATION .....----- 21 
CIRCUIT DESCRIPTION 

Vertical. ssciciosie ty armgandraenaananst¢ Steed 23 


Trigg! 

and Calibrator 
Blanking Circuits . 
Power Supply 


CALIBRATION 
Initial Gallbratiitiscasicins scp sions vesavecins 
Touch-Up Adjustments ................... 48 


TROUBLESHOOTING 
Troubleshooting Precautions And Notes ... 
Locating The Problem ........ 


SEMICONDUCTOR IDENTIFICATION 
Component Number Indes 
Part Number Index ........ 


PARTS LIST......0..0004- autae i 68 
CIRCUIT BOARD X-RAY 

VIEWS 3 sacmcss ves (Illustration Booklet, Page 9-13) 
SGHEMATIG sissiaesitve nace cetiecs peters Fold-in 


INTRODUCTION 


This Oscilloscope is a laboratory grade instrument 
that is ideal fur the wide range of measurements typi- 
cally found in electronics, development laboratories, 
aud scientific research. Some of its outstanding fea 
tures are: 


Dual trace 

Delayed sweep 

Wide 35 MHz bandwidth 

Fast 10 nS vertical rise time 

High brightness mesh CRT with internal 
graticule 

2 mV/cm sensitivity 

Inverting input swilches 

Algebraic add function 

Vertical delay lines 

TV coupling circuit for stable display of TV 
signals 

Single-sweep function 

Full X-Y operation with Z-axis control 


eeeeeo eeeoce 


The attenuator networks of each channel have 12 
calibrated ranges, from 2 millivolts/centimeter to 10 
volts/centimeter. Either or both inputs can be in- 
verted by the Pull-to-Invert switches. This comple- 
ments the ADD function, which displays the resultant 
waveform after both input signals have heen algebra- 
ically added together. 


‘The internal vertical delay lines insure that the hori- 
zoutal sweep starts befure the beginning of the verti- 
cal signal. Thus, the complete vertical waveform will 
be displayed. Since amplifier rise time is 10 
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nanoseconds, very fast rise lime signals can be faith- 
fully reproduced. 


Calibrated time-base ranges from .2 seconds/centime- 
ter lo 50 nanoseconds/centimeter are readily 
switched in a 1-, 2-, 5-slep sequence. Any sweep 
speed can be expanded 5 times when the X5 switch is 
pulled out. Delayed sweep is also available (a more 
sophisticated way uf expanding the sweep speed). It 
allows you to first select the exact purlion of the 
waveform that you want expanded and then it ex- 
pands the waveform by a factor thal you select. 


‘The Trigger Select switch and Level control allow the 
time base to be precisely triggered al any point along 
the positive or negative slope of the trigger signal. 
Various trigger signals can be selected. Other Trigger 
Mode switches control the trigger input bandpass, 
cutting off unwanted low frequency trigger signals 
and triggering on only fast AC signals. Also, Anto and 
Norm switches are provided which can automatically 
display a baseline on the screen when there is no 
trigger signal. 


A calibrated 1-vull peak-to-peak square wave signal is 
provided through a front panel connector. Also, rear 
pancl swilches match the power transformer to stan- 
dard line voltages from 100 volts to 280 volts AC. 


While the solid-state circuitry provides excellent sen- 
sitivity, stability and versatility; the rugged construc- 
tion and dependable operation of this oscilloscope 
make it a versatile tool for the hobbyist, professional, 
or service technician. 
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SPECIFICATIONS 


VERTICAL 


Deflection Factor 
SETSIAVELY eas sits nigel es cae weittloa aerate 
Variable . 
Accuracy . 


Vertical Response 
DC Coupling .. 
AC Coupling 
Rise ‘Time 
Overshvol 
Delay Line .. 


Vertical Input 
Impedance 
Maximum Input . 
Connector .. 


Vertical Modes nc joncncanmmotorcsmaandeseds 


2 mV/cm to 10 V/cm, 12 steps in a 1-2-5 sequence. 
Continuous between steps to approximately 30 V/cm. 
Within 3% (20°C Lo 30°C); 5% (10°C tv 40°C), referred 
to 1 V/cm. 


DC to 35 MHz (—3dB). 

1 Iz to 35 MI Iz. 

<10 nS. 

Less than 3%. 

Allows display of at least 20 nS of pre-triggercd 
wavelorm. 


1 MQ shunted by 30 pF.* 
400 volis peak combined AC and DC. 
BNC. 


Y1, Y2, Y1 and Y2 chopped, Y1 and Y2 alternate, 
algebraically add (£Y1) + (+Y2). 


HORIZONTAL 


Time Bases 
Ranges .. 
Positions wise 
Variable), «sc us edu teaas Sreeatex cheeses 


RECURACY; 2 tas. exons exe Has Se 


MiEnINGS Aariemdoda'daricernsinys Advise yadig 


“Capacitance depends on probe used for calibration. 


to 50 nS/em. 

21 steps in 1-2-5 sequence. 

Continuous between ranges to approximately 600 
mS/cm. 

Within 3% (20° to 30°C): 5% (10°C to 40°C), referenced 
to 1 mS/cm. 

X5 (accurate to within 5%. 20° to 30°C; 7%, 10°C to 
40°C). 
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External Horizontal 


Sensitivity .... -1 V/cm (approximately), 
Impedance 1 MQ. 
Polarity Positive input causes right-hand deflection. 
Frequency Response DC to grealer than 2 MHz (—3 dR). 
Connector BNC. 
X= ¥ 
YCharitiol: aveaiacetarinc toy wer nes assess Same as vertical, 
Be GHANA sig scalsin’n tues srbensaostee won migsar open ahenars Same as vertical, except response is limited to 2 MHz 


and has no delay line. 
Less than 8° at 100 KHz. 


TRIGGER 


Phase Shift... 


OUTCRY zaceunein ns howe pie Y1, Y2, EXT, Line. 
Coupling .. AC, DC, AC Fast, TV," 


Modes . Automatic baseline, Normal, Single Sweep. 
Hold Of Variable, including a “B ends A” position, 
Sensilivily/Band width: 
MODE 0.5 cm lcm 1,5 cm 
DC DC to >50 MHz DO to 70 MHz DC to >70 MHz 
AC 15 Hz to >50 Miz, <1 Hz to >70 MHz <1 Hz tu >70 MHz 
AC Fast 40 kHz to >50 MHz 30 kHz tu >70 MHz 30 kHz to 0 MHz 
Ty" 40 Hy lo 1.5 kHz 20 Hz to 3 kHz 20 Hz to 3 kHz 


External Trigger 
Sensitivity 
Input Impedance ., 


100 mV at 50 Milz, 
1 MQ shunted by 30 pl’. 


“The Oscilloscope triggers on alternate frames for 
steady display. 
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GENERAL 


CRT Acceleration Potential ..............0005 10 kV regulated. 
CRT Type 8 x 10 cm mesh with internal graticule. 
CRT Phosphor . P31. 


7. Axis 
ull on to full off... 
Input impedance .. 


0 to 5 volts. Positive voltage decreases Intensity. 

50000 

50 volts peak. 

pio Fully regulated. 

ee Allows operation from a 100-140 VAC or 200-280 
VAC power source. 

Power Requirements .......... 0.0.0.0 100-140 VAC or 200-280 VAC, 50/60 Iz, 85 watts 

(at 120 volts). 


Maximum Input .. 
Power Supplies . 
AC Line Switch ... 


Dimensions 
HeiBliP sn isarraice <a sinatvpningte 
Length (handle extended) 
Length (handle folded) 
Width ovcacciciy 

Weight .......... Sessa 

Operating Temperature . 


7.75" (19.7 cm). 
24” (61 cm). 
19.75" (50.2 cm). 
13.75" (34.9 cm). 
30 Ibs. (13.6 ky). 
10°C to 40°C. 


9 = 


The Heath Company reserves the right to discontinue products and tu change specifications at any lime without 
incurring any obligation to incorporate new features in products previously sold. 


OPERATION 
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This section of the Manual explains the function of 


each control, switch, and connector; gives a pr 
switch; provides s 


each control and 


for 
veral operational 


examples; and gives some applications. 


ALTERNATE PRIMARY VOLTAGES 


In the United States, 120 VAG line voltage is most 
often used, while in other countries 240 VAG line 
voltage is more common. If your line vollage is con- 
sistently helow 115 volts (or below 230 volts if you 
intend to operate the Oscilloscope un 24U volts), per- 
form the following steps. Otherwise, proceed to 
“Control Functions." NOTE: Electrical regulations in 
some areas require a special line cord and/or plug for 
240-volt operation, Replace them if nec 


( ) Remove the back panel. 


If your line voltage is vunsistently helow 115 (or 230) 
volts: 


() Shift the back panel NOR/LOW switch to the 
LOW pasition. 


( ) Replace the back panel. 


If you intend to operate your Oscilloscope on 240 
volts: 


( ) Remove the case. 


( ) Shift the 120/240 slide swilch to the 240 
position. This switch is located on top of 
the rear subchassis, between the CRT and 
power transformer. 


(_ ) Remove the 1-ampere slow-blow fuse and 
install the 1/2-ampere slow-blow fuse 
supplied with this instrument. The 
fuseholder is located inside the Oscillos- 
cope uear the 120/240 switch. 


( ) Change the fuse label. 


( ) Reinstall the case. 
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CONTROL. FUNCTIONS 


Refer to Pictorial 1-1 (Illustration Booklet, Page 1) as 
you read the following explanations of the major con- 
trols and switches. 


ts 


INTENSITY — Clockwise rotation increases the 
brightness of the display. Adjust for nominal 
brightness in your room-lighting condition. Re- 
focusing may be uecessary when the intensity is 
changed. CAUTION: Do not allow a bright spot 
to remain on the screen, it could damage the 
CRT. 


FOCUS — Varies the size of the beam striking 
the face of the CRT. Adjust for the sharpest dis- 
play. 

ON-OF'l’ — Turns the Oscilloscope on and off. 


POWER INDICATOR 
is turned on 


Glows when AC power 


CHANNEL Y1 CONTROLS 


Y1 POSITION — Positions the channel Y1 trace 
vertically on the screen. 


DC BAL — This is not an operating control. Use 
il as directed in the “DC BALANCE” section 
(Page 11) of this Manual. 


PUL. TO INVERT — When pulled out, the ¥1 
trace will be inverted. 


Y1 INPUT — This is the Y1 input connector. Itis 
also the X input connector during XY operation. 


VOLTS/CM — Each position of this attenuator 
switch is marked for the number of volts (peak- 
to-peak) required to produce a pattern one cen- 
timeter high on the graticule, 


VARIABLE — This control is normally operated 
in its fully clockwise (CAL) position where the 
VOLTS/CM switch positions are calibrated. Ver- 
tical gain decre: as the control is turned 
counterclockwise, permitting you to adjust the 
vertical trace size. 


Dh 


AC-GND-DG (Input switch) — In the AC posi- 
tion, this switch blocks the DC level of the input 
signal so that only the AC component is dis- 
played. In the GND position, the input is dis- 
connected and the vertical amplifier input is 
grounded. Use this position when you wish to 
set the baseline (trace) at a desired position 
withoul disconnecting the input signal. In the 
DC position, both the DC and AC components of 
the input signal are displayed. 


BOTH CHANNELS 


12. 


VERTICAL DISPLAY — Inthe Y1 pnsition, only 
channel Y1 is displayed on the screen. In the Y2 
position, only channel Y2 is displayed. In the 
CIIOP position, both Y1 and Y2 are displayed in 
the CHOP mode. In the ALT (alternate) position, 
Yi and Y2 are displayed alternately al the end of 
each trace. In the ADD position, the algebraic 
summation of channels Y1 and Y2 is displayed. 


CHANNEL Y2 CONTROLS 


13. 


14, 


16. 


17. 


Y2 POSITION — Positions the channel Y2 trace 
vertically on the screen. 


DC BAI. — This is not an operating control. Use 
it as directed in the “DC BALANCE” section of 
this Manual, 


PULL ‘TO INVERT: 
trace will be inverted. 


When pulled out, the ¥2 


VOLTS/CM — Each position of this attenuator 
switch is marked for the number of volts (peak- 
to-peak) required to produce a pattern one cen- 
timeter high on the graticule. 


VARIABLE — This control is normally operated 
in its fully clockwise (CAL) position where the 
VOLTS/CM switch positions are calibrated. Ver- 
lical gain de es as the control is turned 
counterclockwise, permitting the vertical trace 
size to be adjusted. 


AC-GND-DC (Input Switch) — In the AC posi- 
tion, this switch blocks the DC level of the input 
signal so that only the AC component is dis- 
played. In the GND position, the input is dis- 
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connected and the vertical amplifier input is 
grounded. Use this position when you wish to 
sel the baseline (trace) at a desired position 
without disconnecting the input signal. In the 
DC position, both the DC and AG components of 
the input signal are displayed. 


INPUT — This is the Y2 input connector. It is 
also the Y input connector during X-Y opera- 
tion. 


HORIZONTAL DISPLAY 

20. A—Selects normal, single-time-base operation. 

21. AINTEN BY B—TIntensilies the trace during the 
time that the B time base is running. 

22. BDELAYRD — Selects the B time base. 

23, X-Y — Selects the X-Y function when the TRIG- 
GER SELECT switch is in one of the LINE posi- 
tions. 

24, EXT HORIZ — When this function is selected, 


the voltage at the EXTERNAI, HORIZONTAL. 
input connector will move the trace horizon- 
tally. The vollage of the Y1 or Y2 input (or both) 
will move the trace vertically. 


TRIGGER MODE 


25, 


26. 


29, 


AUTO ~ When selected, a base line will be 
automatically displayed in the absence of a trig- 
ger signal. 


TRIG Indicates when the Oscilloscope is 
being triggered. 


NORMAL — When selected, a trace will appear 
vnly when the Oscilloscope is triggered. 


SINGLE — The Oscilloscope will sweep only 
once when triggered and then wait until after it 
is RESET. Then on the next trigger signal it will 
sweep again. 


RESET — Resets the single-sweep function. 


TRIG COUPLING 


30. 


DC— Allows triggering ona DC or very slow AC 
signal. 


32, 


AG — Triggers on most normal signals, but 
blocks DC and very sluw AC signals. 


AC Fast — Rejects low frequency signals and 
triggers only on fast signals. 


TV —Rejects high frequency tigger signals and 
(riggers on alternate field trigger signals, This 
provides a stable display when you are viewing 
vertical TV field signals. 


TIME BASE 


34. 


36 


37, 


38. 


DELAY ‘TIME POSITION Determines the 
slarling point of the B time base. When in the A 
INTEN BY B mode, the control will position the 
intensified portion of the trace. When in the B 
DELAYED mode, the control determines the 
portion of the A sweep to be expanded. 


HORIZONTAL POSITION, PULL VOR X5 
Positions the trace horizontally on the CRT. It 
also is the X position control in the X-Y mode. 
When pulled out, it expands the trace by a factor 
of five, 


A AND BTIME/CM, PULI. FOR DELAY TIME — 
Determines the time required for the beam to 
sweep. The clear knob (closest to the panel $ 
the speed of the A time base; the middle 
selects the lime for the B lime base. The two 
knobs are normally locked lagether. However, if 
the cenler knob is pulled out and turned 
clockwise, then the A and B time bases will he at 
different settings. Then, when the two knobs are 
aligned again, they will automatically lock to- 
gether, ‘ 


VARIABLE — Provides a continuous adjust- 
ment of the A sweep lime helween lime base 
ranges. When fully clockwise, the time base is 
calibrated. 


HOLD OFF — Adjusts for a stable display if the 
input signal is an exact multiple of the time base 
repetition rate. Normally, it is in the full coun- 
tercluckwise position. In the full clockwise pos- 
ition (which is the B ENDS A position), the A 
sweep will be stopped when the B sweep stops 
(in the A INTEN BY B or B DELAYED modes). 
This increases the writing speed and produces a 
brighter display, especially at low settings of the 
DELAY ‘TIME POSITION control. 
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40. 


‘TRIGGER SELECT — This coutrol selects the 


source and polarity of the triggeri gnal: 


Line (+/—) 


—Trigger signal is a portion 
of the 60 Hy, line frequency. 


Yi(t/-) -Triggers on a signal fram 
channel Y1 only. 

Y2 (+/-) —Triggers on a signal from 
channel Y2 only. 

EXT (+/-) Triggers on a signal applied 


from an external source. 


LEVEL — Adjusts the trigger circuils so the 
sweep can be started at any position on the input 
signal waveform. The sweep can be started on 
either a posilive or negative slope, depending 
on the position of the TRIGGER SELECT switch. 


EXTERNAI. 


AL. 


EXTERNAL HORIZONTAL — With the EXT 
HORIZ switch pushed in, a positive voltage at 
this connector will cause a left-to-right deflec- 


42, 


tion on the CRT. 


EXTERNAL TRIGGER — An external signal can 
be applied through this conn v to trigger to 
sweep circuils when the TRIGGER SELECT 
switch is in cither EXT position. 


CALIBRATE 


43, 


CALIBRATE This 1-valt (peak-to-peak) 
square wave signal (approximately 1000 L1z) can 
he used to periodically check vertical calibra- 
tion. The rise lime of this signal allows il to also 
be used for oscilloscope probe compensation. 


REAR PANEL 


44, 


Z-AXIS INPUT — A positive guing voltage will 
decrease the intensity. The normal operating 
range is 0 to 5 volts NC. 


CONTRAST — This is not an operating control. 
Use it as directed in the “Contrast” section on 
Page 43 when yon waul tochange the brightness 
of the B time base display. 


PRESETTING CONTROLS 


1. Set the front panel controls and switches as fol- 


VERTICAL MODE, 
HORIZONTAL POSITION 
Pull for X5 


HORIZONTAL DISPLAY 
TRIGGER MODE 

TRIG COUPLING 
TIME/CM 

VARIABLE 

HOLD OF 
TRIGGER S 
LEVEL 


YA: 
POSITION 
PUTLI, TO INVERT 
VOLTS/CM 
VARIABLE 
INPUT switch 


POSITION 

PULL TO INVERT 
VOLTS/CM 
VARIABLE 
INPUT switch 


Center of rotation 
Center of rotation 
Y1 


Center of rotation 

and pushed in (X1) 

A 

AUTO 

AG 

ms 

Fully clockwise (CAL) 
Fully counterclockwise 
YL, +{plus) 

Center of rotation 


Center of rotation 

IN 

5U mV 

Fully clockwise (CAL) 
GND 


Center of rotation 

IN 

50 mV 

Fully clockwise (CAL) 
GND 


Page 11 


Before the Oscillusuope can be used, it must be 
warmed up and have the beam in the cathode ray tube 
properly adjusted on the screen The following proce 
dure will prepare the Oscilloscope for operation in 
any mode, and may be used at any time to check the 
basic instrument operation. 


2. Connect the line cord to an AC power source, 


CAUTION: Do not permit a bright dol lo remain on the 
face of the cathode ray tube fora prolonged period of 


time: a dot will burn the phosphors and leave a per- 
manent image in the face of the CRT. 


3. Turn the ON-OFF switch to the ON position. 
The power light will light. 


4. Allow a moment or two for the instrument to 
warm up 


a 


Slowly adjust the Y1 POSITION control and the 
HORIZONTAL, POSITION control to center the 
trace on the en. 


6, Adjust the INTENSITY control to obtain a trace 
just bright enough for your room lighting condi- 
tions. 


7. Adjust the FOCUS control for the finest and 
sharpest trace. 


8. Adjust the HORIZONTAL POSITION control so 
the trace starts at the left edge of the graticule. 


Your oscilloscope is now prepared for operation in 
the modes described in the “Operational Examples” 
section. 


DC BALANCE (DC BAL) 


The highly sensitive vertical amplifier input circuits 
in this Oscilloscope, as in other sensitive equipment, 
may exhibit an occasional unbalance caused by aging 
components and temperature effet ven though 
the DC BAL (balance) control is not considered to be 
an operating control, you should check the DC ba- 
lance periodically and readjust it when hecessary. 
This is especially true when you use the mort 
live input ranges (20 mV to 2 mV). A small screw- 
driver is needed to make this adjustment through the 
small hole in the front panel. 


‘To check the DC balance of either channel, set the 
Input Switch (AC-GND-DC) to ground (GND) and ob- 
tain a trace on the CRT, Turn the VOL'I'S/CM VARI 
ABLE gain control from fully clockwise to fully coun 
terclockwise. If the trace moves vertically, readjust 
the DC balance as follows: 


1. ‘Turn the VOL''S/CM switch to the 20 mV posi- 
tion. 


2. Turn the VARIABLE gain control 
clockwise to the CAL position. 


fully 


3. Center the trace on the screen. 


4. Turn the VARIABLE gain control fully coun- 
terclockwise. 


Adjust the DC BAL control to return the trace to 
the centerline, 


a 


G. Repeat steps 2 through 5 until the trace does not 
move when the VARIABLE gain control is 
turned. 


7. Turn the VOLTS/CM switch to the 2 mV posi- 
lion and repeal steps 2 through 6. 
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NORMAL OPERATING CHARACTERISTICS 


The following information is provided to help answer 
possible questions you may have about the operation 
of your Oscilloscope. 


It may require several minutes for the trace 
to stabilize when you first turn the Oscillo- 
scope on, especially on the more sensitive 
voltage ranges. A short warm-up period 
(about 15 minutes) is recommended. 


If the HORIZONTAL DISPLAY switch is in 
the X-Y or EXT HORIZ. position when you 
first turn the Oscilloscope on, the trace may 
not dim completely when you turn the IN- 
TENSITY control down. To overcome this, 
momentarily push in the A and AUTO 
pushbutton switches. 


Delayed sweep operation is useful only 
when the A and B Time/CM switches are at 
different settings. If the knobs are locked 
together in the A INTEN BY B OR B DE- 
LAYED modes. parts of the trace (or all of the 
trace) may disappear. 


@ The Trace may become slightly wider on the 


-2 volt and 2 millivolt/centimeter ranges. 
‘This is wideband noise generated by various 
components in the input circuits. 


When you are using the PULL TO INVERT 
switches, symmelrical signals may not ap- 
pear to invert but they actually do. See “Op- 
eralional Example 5" Page 15. 


In the AUTO position, with no input signal 
applied, the trace may blink. This is due to 
random noise in the sensilive vertical cir- 
cuits. 


Random noise on the input signal may cause 
false triggering, especially on the most sen- 
sitive voltage ranges when the LEVEL con- 
trol is near its center of rotation. 


In the SINGLE SWFFP mode, random noise 
may cause the highly sensitive sweep cir- 
cuits to trigger. If this happens, readjust the 
LEVEL control slightly. 


USING A 2-MILLIVOLT OSCILLOSCOPE 


When you use an Oscilloscope as sensitive as this, 
you must use special care ta make reliable measure- 
ments. Keep the following points in mind when you 
measure very low level signals. 


Placement of the ground clip may be critical 
if the signal source ground carries an ap- 
preciable current. Voltage differences of 
several millivolts from one side of a chassis 
or ground foil to the other are common. 
Place the ground clip at the point that gives 
the least error. This is usually nearest the 
signal source. The ground clip may have to 
be moved when you measure different 
points. 


Stray 60 Hz pickup may be hard to elimi- 
nate, especially in high impedance circuits. 
Be sure to use shielded test cables. Shield 
the signal source if necessary. 


Wideband measurements in the millivolt 
and submillivolt regions are more difficult 


because of the inherent noise (shot noise 
and thermal noise) generated by electronic 
components. This may appear as a widening 
of the baseline or the baseline appearing out 
ol focus. Noise on the baseline that appears 
as “hash” or “spikes” may be caused hy the 
electromagnetic pickup of man-made noise 
such as ignition noise, appliance noise, etc. 
Noise of any kind may cause erratic trigger- 
ing. 


Radio frequency interference may be picked 
up in strong RF signal areas. This type of 
interference may come from a commercial 
broadcasting station or from nearby equip- 
ment. 


Thermal drift may also appear if the test clip 
is connected across a junction of two dis- 
similar metals or across a semicunductor. 
This will appear as a baseline drift when the 
junction changes temperature. 
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OPERATIONAL EXAMPLES 


This section of the Manual gives several examples of 
how to use the Oscilloscope in its different modes of 
operation. These examples will help you become 
familiar with the controls, especially the sweep and 
triggering controls, and with dual-trace operation. 


EXAMPLE 1 


‘Triggering the Sweep on the + or — Slope of a 
Waveform 


Signal source: Sine wave generator of approximately 
1 kHz. 


Be sure all controls and switches are in the positions 
described in “Presetting Controls.” No not change 
any of these sellings unless you are directed to do so 
in a step. 


Set the switches as follows: 
¥ag 


INPUT AC 
A and B TIME/CM -1mS 


Connect the 1 kHz sine wave signal to the Y1 INPUT 
connector. 


Adjust the generator fora 6 cin display and the trigger 
LEVEL control for a stable display. 


Refer to Pictorial 1-2 and readjust the trigger LEVEL 
control. Notice how the trigger starting point 
changes. When turned to the ends of the control, the 
trace will blank out momentarily and then begin to 
move (not locked in). 


Set the Trigger LEVEL control for a stable display. 
Set he TRIGGER SELECT switch lo Y1 — (minus) 


The waveform should now trigger on the — slope and 
appear inverted. 


TRIGGER 
START 
POINT 


PICTORIAL 1-2 


EXAMPLE 2 
Normal or Automatic Triggering 


The AUTO mode (automatic triggering) provides a 
base or reference line without the presence of u verti- 
cal input signal. This line is used as a reference point, 
especially for DC measurements. 


Change the A and B TIME/CM switch ta | mS/cm. The 
waveform should show approximately 10 complete 
cycles. 


Push in the NORM pushbutton. There should be no 
change. 


Set the Y1 INPUT switch to GND. There should be no 
display. 


Push in the AUTO pushbutton. The automatic base 
line will appear. 


Place the Y1 INPUT switch back to AC. The trace 
should reappear. 


Push in the NORM pushbutton. There should be no 
change. 
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Turn the trigger LEVEL, control fully clockwise and 
nolice that there is no trace. In the NORM position, a 
base line is not generated when the input signal is 
lost. 


Push in the AUTO pushbutton. The trace will reap- 
pear but will be moving. 


Set the trigger LEVEL control for a stable sine wave 
display that starts 1 cm above the horizontal center 
line. 

EXAMPLE 3 

Single-Sweep Mode 

Sel the A and B TIMF/CM switches to 10 mS/cm. 


Set the Y1 INPUT switch lo GND, 


Push in the SINGLE pushbutton, The trace will dis 
appear, 


Push the RESET pushbutton. 


Set the Y1 INPUT switch to AC. The trace will make 
one sweep. 


Push in the RESET pushbutton. The trace will make 
one sweep. Notice that, in this mode, the trace only 
sweeps once after each reset and only after being 
(riggered 


Push in the AUTO pushbutton 

Reset the A and B TIME BASE switches to .1mS/em. 
EXAMPLE 4 

Dual-Trace Operation 


Connect a sine wave of approximately 1 kHz to both 
the Y1 and Y2 INPUT connectors. 


Set the VERTICAT. DISPLAY switch to CHOP. 
Set the Y2 INPUT switch to AC. 
Set the generator fora display that is 2cm highand set 


the TRIGGER LEVEL control for a stable display. 


Adjust the Y1 and Y2 POSITION controls so that the 
waveforms are separated as shown in Pictorial 1-3. 
ou can turn off either channel by positioning 
TICAL DISPLAY switch to either Y1 or Y2. 


PICTORIAL 1-3 


Set the signal generator to approximately 10 kHz. 
Set the A and B 'TIME/CM switches lo 5 4S. 


Adjust the VARIABLE TIME/GM control ta obtain a 
stable dot pattern, 


Adjust the Y1 and Y2 POSITION controls until the 
waveforms interweave and are together, ‘his shows 
how the Oscilloscope d the two pictures in the 
CHOP position. The tiny spaces remaining in the 
trace are caused by the Ghop blanking described in the 
“Theory of Operation” and “Circuit Description.” 


Readjust the POSITION controls to separate the 
waveforms again. 


Set the VERTICAL DISPLAY switch to ALT. Note that 
now both waveforms are smoolli, 


Set the A and B TIME/CM switches to 20 mS. 


Set the signal generator to approximately 100 I lz. 
Notice that this display draws one waveform and on 
the next (alternate) sweep, draws the other waveform. 


Set the A and B TIMF/CM switches to 5 mS. Notice 
how distracting the display is at these settings 


Set the VERTICAT. DISPLAY switch to CHOP. The 
display is now much casier to look at. Therefore, the 
CHOP function is usually used on the lower 1/3 of the 
TIME/CM switch positions, and the ALT function is 
used for the upper 2/3 of the switch positions. 
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EXAMPLE 5 
Pull to Invert Switches 


Connect a sine wave of approximately 1 kHz to both 
the Yi and Y2 INPUT connectors. 


Set the VERTICAL DISPLAY switch to Y1. 
Set the A and 8 'TIME/CM switches to .5 mS, 
Set the TRIGGER SELECT switch to Y1, +. 


Pull the Y1 PULL TO INVERT switch, The trace may 
not look inverted because the trigger is still set for a 
positive slope, However, the signal is inverted. 


Set the VERTICAL DISPLAY switch to ALT. 


Push in the Y1 PULL TO INVERT switch. (Be sure the 
two waveforms are far enough apart not to interfere 
with cach other.) Now the other channel (¥2) shifts 
180°. It is not inverting. 


Set the TRIGGER SELECT switch to Y2, +. 


Push inand pull out the ¥1 PUL. TO INVERT switch, 
Now you can see the Y1 signal being inverted because 
the Oscilloscope is triggering on channel Y2 and is 
not affected by inverting channel Y1. 


Be sure both PULL TO INVERT switches are pushed 
in, 


Set the VERTICAL DISPLAY switch lo ADD. Now the 
signal is twice as high as either the Y1 or the Y2 
signal. This is the algebraic summation of the two 
waveforms. 


Pull out the Y2 PULL TO INVERT switch. Now the 
display isa straight line. The Oscilloscope is subtract- 
ing channel Y2 from channel Y1 und the result is 
zero," 


This function is useful in making differential mea- 
surements. If the Y1 and YZ channels were connected 
across a resistor, then the differential measurement 
will directly measure Ue voltage across the resistor, 


Adjust cither the Y1 or Y2 VARIABLE VOLTS/CM 
control and notice how the display changes. This is 
because the gains of each channel are now different 
and therefore cannot result in zero. 


NOTE: It may be impossible to get a zero result at high 
frequencies or fast rise times due to the natural 
characteristics of the Oscilloscope. 


EXAMPLE 6 
Channels Y1 and Y2 
Roth channels operate exactly the same. If you wish, 


re-perform Examples 1 through 5 using the opposite 
channel rather than the one called for. 


“Due to aging components, the calibration may have 
drifted slightly. Adjust the appropriate VARIABLE 
VOLTS/CM control for a straight line. 
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APPLICATIONS 


Peak-to-Peak Voltage Measurements 


To measure the peak-to-peak voltage of a signal, first 
make sure the VARIABLE control is turned fully 
clockwise to the CAL position. Then multiply the 
vertical deflection (number of vertical divisions) by 
the setting of the VOLTS/CM switch. 


Example: 
As shown in Pictorial 1-4, the display amplitude is 
four divisions. If the VOLTS/CM swilch is at .2 V, 


then: 


peak-to-peak voltage - 4 divisions x 0.2 
volts/division = 0.8 valts 


VERTICAL 
DEFLECTION 
4eom 


PICTORIAL 1-4 


Instantancous Voltage Measurements 


To measure the voltage at any point on a waveform 
with respect to ground: 


1. Set the AC-GND-DCG switch to GND and adjust 
the trace to some reference line. See Pictorial 
1-5. 


2. Set the AC-GND-DC switch to DC. (Pull to IN- 
VERT switch in). If the waveform is above the 
reference line, the vollage is positive. If the 
waveform is below the reference line, the vol- 
tage is negative. 


VERTICAL 
DIFFERENCE 


REFERENCE 
LINE 


PICTORIAL. 1-5 


3. Measure the vertical difference (number of ver- 
tical divisions) between the reference line and 
the desired point un the waveform, multiply it 
by the VOLTS/CM switch setting. 


Example: 


The vertical difference is 3 divisions and the 
VOLTS/CM switch is set at 50 mV. The indicated 
voltage stop is: 


3 divisions x 5U mV/division = 150 mV above 
ground. 


Dual Trace Phase Difference Measurements 


The dual trace method of measuring the phase differ- 
ence between two signals of the same frequency is 
more accurate and easier to use than the X-Y method. 
It can also be used up to the frequency limit of the 
vertical system. To make the measurement: 


1. Set the VERTICAT. DISPLAY switch to CHOP or 
ALT and position both automatic base line 
traces on the horizontal centerline of the 
graticule. 


2. Connect the reference signal to the channel Y1 
INPUT connector and the comparison signal to 
the channel Y2 INPUT connector. Use coaxial 
cables or probes that have equal time delay. 
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3. Set the channel VOLTS/CM switches and VAR- 
IABLE controls so that the displays are equal 
and about four divisions high. 


4. Set the A and B 'TIMK/CM swilches to a sweep 
rate that displays one cycle of the reference 
waveform. 


5. Turn the time/em VARIABLE control until one 
cycle of the reference signal occupies exactly 
cight divisions between the first and ninth 
graticule lines. ach division of the graticule 
now represents 45° of the cycle (360° divided by 
8 divisions = 45°/divisiun). 


6. Measure the horizontal difference between cor- 
responding points on the waveforms. Then, 
multiply the measured distance (in divisions) 
by 45°%/division. 


Example: 


The horizontal difference is 1.0 divisions as shown in 
Pictorial 1-6. Therefore: 


Phase difference = 1.0 divisions x 45°/divisions 
= 45° 


Ni 


PICTORIAL 1-6 


Time Duration and Frequency Measurements 


To find the time duration between twa points on a 
waveform, multiply the horizontal distance (in divi- 
sions) between the two points by the setting of the 
TIME/CM switch. Frequency is the reciprocal of the 
time duration of one cycle. 


Example: 

As shown in Pictorial 1-7, the horizontal distance 
measured is 8.3 divisions. The TIME/CM switch is set 
to 2 mS. Therefore: 


Time Duration — 8.3 divisions x 2 mS/divisions 
= 16.6 mS. 


and 


Frequency — 1/time duration = 1/16.6 mS - 60 
Hz 


HORIZONTAL DISTANCE 


PICTORIAL 1-7 


Page 18 


EEE 


Delayed Sweep Operation 


This mode of operation allows you to look at an ex- 
panded portion of a waveform after you select the 
portion of the waveform that you want to see. 


Example: 
Push in the A HORIZONTAL DISPLAY switch. 


Connect the front panel CALIBRATE signal to one of 
the INPUT connectors. Turn the A TIME/CM switch 
to .5 mS and the B TIME/CM switch to 50 1S. 


Push in the A INTEN BY B switch. Adjust the INTEN- 
SITY control so you can see the intensified portion 
(about 1 cm long) of the trace. Turn the DELAY TIME 
POSITION control and watch the intensified portion 
move. Leave it so thal the intensified portion is ona 
leading erlge of the waveform as shown in Pictorial 
1-4. 


INTENSIFIED 
PORTION OF 
SWEET 


PICTORIAL 1-8 


Push the B DELAYED switch. The intensified portion 
of the waveform is now expanded. Adjust the INTEN- 
SITY control as necessary. 


Set the B TIML/CM switch tu 10 4S. 


Turn the DELAY TIME POSITION control so that a 
leading edge is displayed again. NOTE: This control 
is now more sensitive and you may have toturn up the 
INTENSITY control. 


Push in the A INTEN BY RB switch. Readjust the IN- 
‘TENSITY and DELAY TIME POSITION controls as 


necessary. 


NOTE: The greater the difference between the A 
and B TIME/CM controls, the more “jitter” will 
be seen in the waveform. This is normal. When 
there is a 9-step difference between the two 
timebases (1000 tu 1 difference in sweep speeds) 
and a stable generator is used, the jiller should 
be less than 1 cm and typically 1/2 cm. Under 
these conditions, the intensity will also be dim, 
and again this is normal. 


Risetime Measurements 


Risetime measurements arc made the same as time 
duration measurements, except these measurements 
are made between the 10% and 90% points of the 
wavetorm’s amplitude. 


To measure risetime: 


1. Adjust the VOLTS/CM and VARIABLE controls 
for a display that is exactly 8 divisions high. 


2. Adjust the POSITION control so that the display 
bottom just touches the 0% graticule line and 
the display top just touches the 100% graticule 
line, See Pictorial 1-9. 


SIGNAL 
AMPLITUDE 
(8 DIVISIONS) 


HORIZONTAL 
[7 DISTANCE | 


PICTORIAL 1-9 


3. Measure the horizuntal distance between the 
10% and 90% points on the waveform. 
distance x 


4, Then: Risetime = horizontal 


TIME/CM setting. 


Page 19 


SES 


Example: 3. Set the B TIME/CM switch to cover only the 
portion of the A sweep that you want magnified. 

The horizontal distance between the 10% and 90% 

points on the waveform is 4 divisions and the 4, — Push in the 1 DELAYED switch. (See Pictorial 

TIME/CM switch is set at 1 4S. 1-11) The portion of the A sweep that you 

dis now magnitied. The displayed sweep 

determined by the B TIME/CM switch. To 
calculate the apparent magnification factor, use 

NOTE: When measuring very fast risetimes (less than the following formula. 

20 nS) the VARIABLE VO { contrul should be 

in ils CAL position. This guarantees a lixed Oscillos- 


Risetime= 4 divisions x 14S/division = 4 5. 


cope setime: a fixed ri slime and unknown Apparent A TIME/CM switch setting 
risetime are relaled as [ullows: magnification = ~B TIMEJCM switch setting — 
Tr display Tr scope + T# unknown 
OR 


Tr unknown = VTP display — 10 05? 
(in nS) 


where Tr is the Oscilluscope risetime 
(typically 10 nS) 


Delayed Sweep Magnification 


The B DELAYED mode can provide a higher “appa- 
rent sweep rate magnification” than that provided by PICTORIAL 1-11 
the x5 switch, 


Fry ; aerate Differential Measurements 
To determine the apparent magnification factor: 


Make sure the Y1 and ¥2 VOLT’ 
the same positions. 


CM switches are in 


1, Push in the A INTERN BY B HORIZONTAI, DIS- 
PLAY switch. 


Set the VERTICAL DISPLAY switch to ADD, 
2, Use the DELAY TIME POSITION control and S°* #8 : ayteae 


nove the left edge of the intensified area to the iat) out the Y2 (or Y¥1) PULL TO INVERT switch. The 

portion of the display to be magnified. See Pic-aculting display is now Y1-Y2 (or Y2-Y1). Read the 

torial 1-10. INTENSIFIED ARFA display directly by multiplying the vertical height (in 
TO BF MAGNIFIED cm) by the setting of either VOLTS/CM switch. 


X-Y Mode Operation 


With the X-Y switch pushed in and the TRIGGER 
SELECY in LINE | or -, Y1 signals produce a hori- 
zontal deflection (X) while the Y2 signals produce a 
vertical deflection. The HORIZONTAL POSITION 
control will operate the X deflection, and the Y 1 posi- 
tion control is disconnected from the circuits. The 
VOLTS/CM switch, VARIABLE control, and PULL 
TO INVERT switch operate as previously described. 


PICTORIAL 1-10 
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Use of the X-Y mode of operation will result in 
trapezvidal and Lissajous patterns that are useful in 
studying modulation characteristics or phase and 
frequency comparisons. This mode is also uselul to 
display graphics and patterns that result when the 
Oscilloscope is connected to a curve tracer. 


External Horizontal Operation 


This mode is similar tu that of X-Y, While using the 
external horizontal input does result in the loss of 
gain control in the X direction, it has the advantage of 
supplying two independent vertical channels (Y1, 


INCORRECT 


Y2, CHOP, ADD). Only one vertical channel is availa- 
ble in the X-Y mode. 


X10 Probe Compensation 


Set the VOLTS/CM switch to 50 mV and the TIME/ 
CM switch to .2 mS. 


Connect the probe tip to the front panel CALIBRATE 
signal, 


Adjust the x10 probe for “correct” compensation as 
shown in Pictorial 1-12, 


CORRECT 


INCORRECT 


PICTORIAL 1-12 
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THEORY OF OPERATION 


Refer to the Block Diagram (Illustration Booklet, Page 
2) as you read the following paragraphs. 


The dual-trace capability of this Oscilloscope allows 
two different signals to be displayed on a conven- 
tional CRT (cathode ray tube) thal has only one set of 
vertical deflection plates, Two identical vertical 
preamplifier circuits, a switching circuit, and a verti- 
cal deflection amplifier make this possible. Lach ver- 
tical preamplifier circuit attenuates its input signal by 
a known factor, amplifies it to a usable level, and 
provides the necessary positioning bias. ‘The switch- 
ing circuil, which is automatically controlled by the 
display control circuit, alternately allows the output 
signals from the two preamplifier circuits to pass to 
the vertical deflection amplifier, The vertical signal, a 
composite of both input signals, is amplified further 
by the vertical deflection amplifier before il is applied 
lathe vertical deflection plates of the CRT. The signal 
at the vertical deflection plates, which produces the 
display on the CRT screen, thus represents both input 
signals as one “time-shared” signal. 


‘The input signal connected to a channel input con- 
nector is coupled into the high impedance attenuator 
where the circuits select AC signals, DC signals, or 
grounds the amplifier input. The high impedance 
attenuator has two pasitions, a divide-by-one and a 
divide-by-one hundred. Attenuation is determined 
by the selling of the Volts/CM switch. The six mosl 
sensitive ranges on this switch correspond to the 
divide-by-one attenuator and the six least sensitive 
positions refer to the divide-by-one hundred section. 
The outpul of this attenuator is coupled into an impe- 
dance translator. 


The impedance translator changes the impedance 
from one megohm down to the very low impedance 
level needed to drive the low impedance allenuator. 
This attenuator has six positions and each position is 
used twice. First, with the divide-by-one position of 
the high impedance attenuator, and the second time 
with the divide-by-one hundred position of the high 
impedance attenuator. The output of this low impe 
dance attenuator circuit is applied to the main verti- 
cal preamplifier section which differentially 
amplifies the signal to a useful level. 


The vertical preamplifier amplifies the signal toa 200 
millivolt level to operate the trigger circuits. The 
preamplifier also inverts the signal when the Pull-to- 
Invert switch is in the out position and then outputs 
the signal to two places, the trigger amplifier and the 
switch circuit. The Pull-to-Invert switch effectively 
turns the CRT trace for that channel upside down. 


‘The switch circuit passes the Y1 or Y2 amplifier sig- 
nals (ur both) into the deflection amplifier. The Verti- 
cal Display switch control circuitry determines 
whether the switch will select channel Y1, channel 
Y2, chopped dual-trace operation, alternate dual- 
trace operation, or if it will add the two signals to- 
gether for an algebraic summation of Channels Y1 
and Y2. The output of this switch goes into the first 
stage of the vertical deflection amplifier. From there, 
il passes through the delay line to the output 
amplifier section and then drives the vertical deflec- 
tion plates on the CRT. The delay lines delay the 
vertical signals slightly so the sweep starts before the 
vertical signal is displayed. This insures that the en- 
tire vertical waveform will be presented. 
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The horizontal portion of the trace displayed on the 
CRT screen is produced by the sweep and trigger 
Fithera sample from the Y1 trigger amplifier, 
Y2 trigger amplifier, 60 Hz line voltage, or an external 
trigger feeds into the trigger select cireuilry. This 
circuitry selecls one of the trigger signals and then 
connects it to the trigger input fill 1 s 
either an AC signal or a DC signal, rejects low Ire- 
quencies in the AC Fast position, or rejects high fre 

quencies in the 'I'V position. The oulpul of the trigger 
inpul filter is then compared against the setting of the 
Level control by the trigger comparator. The output of 
the trigger comparator is then applied tu the A sweep 
generator which produces the sawtooth wavefurm 
necessary to sweep the spol from the left-hand side to 
the right-hand side of the sereen at a constant rate. 


circu 


When the sweep generator is triggered, a signal goes 
out on the A unblank line and into the summing 
junction of the blanking circuits. This unblanks the 
CRT and allows the spot to appear. The output af the 
sweep generator then is coupled through the A switch 
and into the horizontal deflection amplifier to the 
horizontal deflection plates. When in the A Inten- 
sified by B Mode, a sample of Lhe sweep output volt- 
age from the A sweep generator feeds into the B com- 
parator and then to the B time base generator. lhe 
Delayed Time Position control is compared with the 
voltage al the output of the A sweep generator. When 
the two are equal, the B generator starts to generate a 
single ramp (see Pictorial 2-1 Illustration Booklet, 
Page 3). Al the same time, the B unblanked vollage 
feeds into the summing junction of the blanking ci 
cuils which further unblanks the CRT and allows the 
spot to becume brighter. Thercfore, the Delay Time 
Position control selects the precise point at which this 
intensified portion starts to appear. (The length of the 
intensified portion is then determined by the setting 
of the B Times/CM switch.) When the Osrilloscope is 
in the B Delayed position, the horizontal deflection 
amplifier is now connected to the output of the B 
sweep generator and the tube only unblanks during 
the operation of the B sweep generator. This results in 
a [race on the CRT whose rate is that of the B Time/CM 
switch, The lace slarts at some time after the main 
trigger, which is determined by the selling of the A 


sweep generator and the setting of the Delayed Time 
Position control. 


When the X-Y switch is in, the output of the Y1 
verlical trigger amplifier is connected to the horizon- 
tal deflection amplifier. This provides an X (or hori 
zontal) movement of the spol which is proportional to 
the valtage going into the Y1 input connector. The 
Vertical Display switch control circuitry automati- 
cally selects Y2 to be applied to the vertical deflection 
plates. When the Horizontal Display control is in the 
External Iorizontal position, the voltage connected 
to the External Horizontal connector can then be im- 
pressed upon the horizontal deflection amplifier 
again, giving horizontal movement of the spot. In this 
mode, the Vertical Display switch can be set in the 
Chop position which allows two channels to he 
simultaneously displayed vertically and external 
signals to he displayed horizontally, 


‘The intensity of the spot on the CRT is proportional to 
the currents coming into the summing junction of the 
blanking circuit amplifier. The Intensity control also 
feeds into this puint which provides a DC reference. 
An external signal can be added through the Z-Axis 
modulation connector and this also sums into the 
blanking cirenits. Therefore, the brightness of the 
spol on the CRT is proportional to the currents going 
into the Z-Axis modulation connector, the A unblank 
ing signal, the B unblanking signal, and the Intensity 
control, Also, during the time that the Vertical Dis- 
play switch is in the Chop position, the tube is 
momentarily blanked each lime the channels are 
switched, This is to mask any switching transients 
which are produced by the high speed swilch. 


The high voltage for the CRT is generated by a Class C 
RF oscillator. There are basically two output voltages, 
a minus 1590 volts to feed the CRT gun and appro» 
mately 9000 volls which operate the post deflection 
anode, Therefore, there is about 10,000 volts across 
the CRT, which accounts for its high brightness. Reg- 
ulated power supply circuits insure overall accuracy 
and control the electron beam size and intensity. 


CIRCUIT DESCRIPTION 


Refer to the Block Diagram [!Iustration Booklet, Page 
2} and the Schematic Niagram (fold-in) as you read 
this “Circuit Description.” 


Parts on the vertical deflection 


Parts on the A time base circuit board. 
Parts on the Ui time hase circuit buard. 


Parts on the horizontal circuit board. 


Components are numbered in the following groups: 401-499 
circuit board. 
1-99 Parts on the chassis. 501-599 
101-199 Parts on the low voltage circuit board. 601-699 
201-299 Parts on the high voltage circuit board. 701-899 
301-399 Parts on the vertical preamplifier circuit 901-999 


Parts on the blanking circuit board. 


buard. 


VERTICAL 


‘The vertical preamplifier consists of two identical 
circuits: une for Channel Y1 and the other for Channel 
Yz. Components in the Channel Y1_ vertical 
preamplifier circuit are designated by a —1 suffix, 
while those in the Channel Y2 vertical preamplifier 
are designated by a —2 suffix. (Fur example: The 
Channel Y1 AG coupling capacitor is C301-1, while 
the Channel Y2 AC coupling capacitor is 6301-2.) 
Components without a suffix do not relate to a 
specific channel. Since both channels are identical, 
only Channel Y1 is described in this “Circuit Descrip- 
tion.” 
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INPUT CIRCUIT 


When the Y1 Input switch (AG-GND-NC) is in the DC 
position, a signal al the Y1 input connector is coupled 
directly through switches SW301-1 and SW302-1A to 
the main vertical attenuator. In the AC position, the 
input signal passes through capacitor C301-1. 


The attenuator is made up of two sections; divide- 
by-one and divide-by-one hundred. The divide-by- 
one section is used in the six most sensitive ranges 
while the divide-by-one hundred section is used in 
the six least sensitive ranges. When the divide-by-one 
section is in use, capacitor C302-1 sets the input 
capacitance of the Oscilloscope. When the other sec- 
tion is in use, capacitor C303-1 sels the input capaci- 
tance and C304-1 adjusts the attenuation of the 
capacitive divider (C304-1 and C305-1) so it is equal 
to thal of the divide-by-one hundred ri ive divider 
(R305-1 and R306-1). The stors attenuate the low 
frequencies and the capacitors attenuate the high fre- 
quencies. 


‘he output of the altenuator is applied through 
SW302-1B and R320-1 to R308-1. ‘This resistor sels 
the input impedance of the Oscilloscope and also acts 
as part of the divide-by-one hundred attenuator. ‘he 
signal is then coupled through current-limiting resis- 
tor R309-1 (bypassed by C306-1) and applied to the 
input ET, Q301-1A. 


The input circuit is protected against high voltage. If 
the voltage of the gate of Q301-1A is greater than 9 
volts, D301-1 will conduct and shunt the current to 
the +9-volt supply. R309-1 limits the current going 
through diode D301-1. If a large negative voltage ap- 
pears, Diode D302-1 will conduct and shunt the cur- 
rent to the — 15 volt supply. C306-1 couples high 
frequency signals into the amplifier. Q301-1A and 
Q301-1B are wired as voltage followers with the gate 
of Q301-1B grounded. Therefore, the ouput is the 
difference between ground and the input voltage. 
These two voltage followers are driven by two current 
sources Q302-1A and Q302-1B. Current source 
Q302-1A is variable. This lets you change the current 
through Q301-1A so its gate-to-source voltage is 
exactly that of Q301B, resulting in zero volts across 
the output of the follower. This is how the vertical 
amplifier is balanced. 


Resistors R311-1,R312-1, R314-1, R315-1 and R313-1 
set the current through the lwo current sources. The 
outputs of voltage followers Q301-1A and Q301-1B 
are fed into a pair of emitter followers, Q302-1C and 
Q:102-1D. This lowers the output impedance enough 
to drive the low-impedance attenuator circuit. The 
two emitter followers are supplied current through 
R316-1 and R317-1 and current source Q303-1. Resis- 
tors R311-1, R312-1 and R318-1 sel the current in the 
current source, 


Transistors Q302, A, B, C and D are part of a 
monolithic transistor array. Since these transistors 
were manulaclured al the same time, and are in the 
same case, their temperature compensation is excel- 
lent. The output of emitter followers Q302-1,C and D 
is coupled into vollage divider R319-1, which is a 
thick film resistor network. Switch SW302-1D selects 
which tap on this network will feed into the FET 
follower made up of Q304-1A and Q304-1B. ‘This low 
impedance attenuator gives attenuation settings to 
divide by one, two, five, ten, twenty and fifty. The 
purpose of K322-1, R323-1, R324-1 and R325-1 is to 
make up the variable attenuator network. In a fully 
clockwise position, R323-1 has an infinite r nce 
and the circuit offers no attenuation. However, when 
R323-1 is in the uncalibrated position, and as it is 
turned counterclockwise, its resistance decreases and 
this reduces the vollage that appears at Q304-1A and 
Q304-1B. Resistors R326-1 and R327-1 supply current 
to the FET followers. 


The remaining low value resistors (R301-1, R302-1, 
R307-1, and R320-1), primarily in the high impc- 
dance attenuator circuit keep the inductance of the 
wires from causing the oscilloscope to ring on fast 
tisetime signals and are also used to shape the 
amplifier bandwidth. The nelwork on the bottom of 
the low impedance attenuator, made up of R321-1 and 
C311-1, also provide frequency compensation 
Capacitors C307-1, C308-1, and C312-1 are all bypass 
capacitors. Inductors 1401-1 through L305-1 com- 
pensate for the inductance in the thick film resistors 
and associated wires and foils. 


The differential signal from Q304-1A and Q304-1B is 
coupled through R328-1 and R329-1 and applied to 
transistors Q305-1 and Q306-1. These two transistors 
convert the voltage difference between their bases 
into a current difference between their collectors 
which is impressed across resistors R339-1 and 
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R341-1. The other end of these resistors connects to 
the collectors of Q3U7-1 and Q308-1, respectively, 
where the current gain of the circuits is changed to 
voltage. 


The total current drawn through Q307-1 and Q308-1 
is constant. Therefore, the voltage across R342-1 is 
constant. This presents a constant voltage at the emit- 
ters of Q307-1 and Q308-1, which produces a constant 
vollage al the bases of Q307-1 and Q308-1. In this 
configuration, the gain of the stage is roughly the 
resistance of R339-1 divided by the resistance of 
R396-1. For example, assume that the values of 
R336-1 and R337-1 are both 50 ohins, and the values 
of R339-1 and R341-1 are both 500 ohms. Alsou, as- 
sume that the voltage difference between inputs A 
and B is exactly 1 volt. This means that there is one 
valt difference between the emitters of Q305-1 and 
Q306-1. This, in turn, makes the current through 
(305-1, 5 milliamperes more than it was before and 
the current through (306-1, 5 milliamperes less than 
it was before. This difference of 10 milliamperes has 
to flow through R339-1 and R341-1. Since one end of 
each of the resistors is al a constant voltage, the differ- 
ence of voltage on the other side of the two resistors is 
1,000 ohms x 10 milliamperes = 10 volts. You can see 
in this example that the gain of this amplifier is 10. 
The output from this amplifier goes into a double- 
pole double throw switch, which inverts the signals 
when the pull-to-inverl switch knob on the front 
panel is actuated. R334-1, 8335-1 and R338-1 apply a 
small amount of differential current into the collec- 
tors of Q305-1 and (Q306-1. This allows the output of 
the amplifier to be adjusted for zero volts, with zero 
volts going into il, lu insure that the base line will not 
shift when the pul-to-invert switch is activated. 


As shown in Pictorial 2-2 (Illustration Booklet, Page 
4), differential amplifier Q309-1, Q310-1, Q317 and 
(318 is very similar to the previous amplifier. R451-1 
supplies a constant current lv Q309-1 and Q310-1. 
R355-1 changes the impedance hetween the emitters 
of (1309-1 and Q310-1 so the current output can be 
adjusted for a given voltage inpul. Therefore, this 
control adjusts the gain of the stage. In the case 
shown, both diodes 1303-1 and D3U6-1 are forward 
biased and have no effect on the circuit. The output 
trom transistors Q317 and Q318 are connected to the 
differential emitter follower consisting of transistors 
Q319 and Q320. Resistors R398 and R399 supply the 
emitter current for these transistors. 


The emitter followers isolate the preamplifier from 
the deflection amplifier and provide a low driving 
impedance. Resistors R347-1 and R352-1 (as shown 
on the large schematic) provide thermal compensa- 
tion for transisturs Q309-1 and Q310-1. Resistors 
R345-1, R346-1 and R350-1 make up a network to 
supply a small amount of differential current to the 
bases of Q317 and Q318. This is used to position the 
trace on the CRT. 


The trigger amplifier is connected Lu the emitters of 
Q309-1 and Q310-1. It consists of Q312, Q313, Q314, 
Q315 and (316, and operales very similar to the 
amplifiers already mentioned. Diode D310-1 acts as 
thermal compensation for the current source supply- 
ing Q312-1 and Q313-1. R365-1 sets the DC level on 
the collector of Q314-1, which adjusts the output of 
the trigger amplifier to zero. Q316-1 is an emitter 
follower. 


VERTICAL SWITCHING 


Both vertical preamplifiers share the final preamp 
stage, Q317 — Q32U. This is accomplished with two 
high-speed diode switch nelworks (D303-1 thru 
D306-1 and D303-2 thru D306-2) that are actuated by 
the display control circuits. Normally, when one 
diode switch is turned on, the other is turned off so 
that only one signal can be coupled to the vertical 
deflection amplifier. Two-channel operation is ac- 
complished by turning each switch network on and 
off at a rapid rate or on alternate display sweeps. 
When both swilches are turned on at the same time, 
the signals are mixed (algebraically added) 


Refer to Pictorial 2-3 (Illustration Booklet, Page 4) as 
you read the following explanation. 


As we mentioned hefore in the explanation of how the 
amplifier circuil works, the voltage at the collector of 
a variable current source transislur remains fairly 
constant. In this stage, the voltage on the collector of 
Q309-1 is approximately 2.5 volls. If Channel Y1 is 
turned on (by Q323) and Channel Y2 is turned off (by 
Q324), the vollage al the anodes of D304-1 and 1305-1 
is near 0 volts. This reverse hiases diodes D304-1 and 
D305-1 so they do nol draw current. Therefore, all the 
current from Q309-1 and (2310-1 goes through diodes 
D303-1 and D3Ub-1 lo amplifier Q317 and (318. The 
voltage at the anodes of D304-2 and D305-2 is at 5 
volts. This forward biases diodes 1304-2 and D305-2. 
Since the voltage at the anodes of D303-2 and N306-2 
is about 3.1 volts, and the voltages at the cathode of 
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D303-2 and D306-2 is 4.4 volts, those two diodes are 
reverse biased and none of the signals fram the Y2 
amplifier are connected to amplifier Q317 and Q318. 
When Channel Y1 is switched off, and Channel Y2 is 
switched on, the reverse is true. The voltage at the 
anodes of D304-1 and D305-1 is 5 volts and the volt- 
age setting al the anodes of D304-2 and D305-2 is near 
zero volts. 


When the Verticle Mode switch is in the ADD posi 
tion, the voltage at the anodes of D304-1, D305-1, 
D304-2 and D305-2 are all zero volts. This reverse 
biases all these diodes and forward biases diodes 
D303-1, D306-1, D303-2, and D306-2. Then both 
channels feed into the output amplifier of Q317 and 
Q318. Therefore, the oulpul is the sum of Y1 and Y2 
inputs. Since both the Y1 and Y2 circuits now feed 
into Q317 and Q318, there is twice the normal current 
flowing into the junction al the bases of transistors 
Q317 and Q318, In order for this to keep from upset- 
ting the bias of the circuits, R387 and R388 are 
swilched in by transistor switch circuit Q321 and 
Q322. This draws off half of the current, and as far as 
Q317 and Q318 are concerned, they are only being fed 
by one of the vertical amplifiers. When in the Add 
mode, R391 of the switching circuil is near zero volts. 
This turns Q322 off and Q321 on, and, therefore, 
draws any excess current away [rom Q317 and Q318. 
When the circuit is not in the Add mode, transistor 
Q322 is turned on, which turns Q321 offand therefore 
discounects any effects of R387 and R388 from Q317 
and Q318, 


DISPLAY CONTROL 


The Vertical Display switch selects Channel Y1, 
Channel Y2, CHOP, ALT, or the ADD function. In the 
X-Y mode, the switch may be in any position, as it is 
effectively disconnected from the other circuits. 


When the Oscilloscope is not in the X-¥ position, the 
logic level al Pins 12 and 13 of U304D isa logic 1. This 
makes output Pin 11 a logic zero and, when inthe Y1 
position, this zero is transferred into the set terminal 
of U304. This makes the Qa logic 1 and Qa logic zero. 
The one level from the Q output is fed into Pin 1 of 
NAND gate US04A. Since the other input is at a logic 
1, due to R382, the output will beat a logic: zero. This 
turns on transistor Q324 and puts its collector voltage 
near 5 volts. The zero output from the Q output of 


U303 is fed into Pin 5 of U304B, making its outpulad 
level. This turns off Q323 and its collector voltage 
goes to zeru volts. Then, from the operation of the 
diode switch, the Channel Y1 has been turned on and 
Channel Y2 turned off. When the Vertical Display 
switch is in the Y2 (Channel 2) position, U303 is in the 
reset condition. This means the outpul of the Q termi- 
nal is at its logic zero and the Q output is a logic one, 
This time the reverse happens. Q323 is turned on and 
Q324 is turned off. 


When the Vertical Display switch is in the CHOP 
position, Pins 9 and 10 uf Us04C are at logic zero. The 
output of 1304C is a logic 1, which turns on the 
chopper circuits in the time base section and a com- 
bination of the chop signal and the alternate signal 
then come onto the vertical board from the horizontal 
hoard on the line marked TOGGLE. Each time there is 
a negative-going transition al Pin 1 of U303, the flip- 
flop changes state and, therefore, alternately switches 
Channel Y1 and Y2. 


When the Vertical Display switch is in the ALT (alter- 
nale) position, Pins 9 and 10 of U304C are al logic 1, 
This makes its output (Pin 8) a logic zero which turns 
the chopper off. ‘he only signal coming back from the 
horizontal time base now is the alternate signal at the 
end of a sweep. ‘This negative-going transition will 
cause the flip-flop to alternately tum Channels Y1 
and Y2 on and off after each sweep. 


When the Display switch is in the Add position, Pins 
2 and 4 of U304 A and B are at zero level. ‘'his makes 
Pins 3 and 6a 1 level, which turns off Q32 and Q324, 
which turns on both channels. Also, when the mode 
swilch is in the Add position, transistors Q322 and 
Q321 switch in R387 and R388 which draws away the 
surplus current mentioned previously. 


If the Oscilloscope is put in the X-Y position, the 
cathode of D308 and Pins 12 and 14 of U304D are at 
logic zero. This puts the logic zero level on the reset 
line of U303 and causes it to be in the Channel Y2 
mode. The output of U304N pin 11 is now ata 1 level 
and effectively disconnects the Display switch. 
Therefore, when the X-Y button is pushed (on the 
horizontal board) the Vertical Display switch is com- 
pletely disconnected and it may remain in any posi- 
tion. 
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+21 and —21 volts comes onto the vert preamp board, 
is filtered by C326 and C327, and is regulated by U301 
and 1302. R376, R377 and R378 set the output voltage 
to plus and minus 15 volts and C328 and C329 pro- 
vide additional filtering. Transistors Q325 and Q326 
increase the current capability of the regulator and 
resistors R373-1 and -2 and capacitors C324 and C334 
also provide fillering. Resistor R374-1 and -2 and 
D311-1 and -2 make up a 9-volt regulated supply. 
used to power the input FET followers. 


VERTICAL DEFLECTION 


The output of the vertical preamplifier circuits con- 
nects to the bases of Q4U1 and Q402: and R404, R405, 
and R406 supply emitter current to these transistors. 
Resistors R403 and R407 provide thermal compens 
tion and R4U2 and R408 are the actual load resistors of 
this circuit and provide approximately 200 ohms 
output impedance to feed the delay line. R401 and 
C401 together make a decoupling network to transis- 
tors Q401 and Q402. The RC networks consisting of 
R409, C403, C404, R411, R412 and C405 compensate 
the amplifier at several different frequencies lo oblain 
good transient response characteristics. 


The output of the delay line connects across R414, 
which terminates the delay line correctly. The signal 
then feeds into the bases of Q203 and Q4U4. Resistors 
R418 and R421 supply current to the emitters and 


R419 is a current source to operate the amplifier. 
Resistors R417 and R422 are the load resistors for this 
amplifier, and R416 and C406 together make a decou- 
pling network to supply current to the transistors. 
The RC network across the emitters, consisting of 
R423 and (407, are again frequency compensating 
devices. The output is coupled into the bases of Q405 
and Q106. R427 and R128 are wired in series to make 
a current source. C408, R431, C409 and R422 make 
another network to adjust the amplifier for optimum 
transient response. ‘he bases of Q407 and Q408 are 
held at approximately 36 volts by diode D401. This 
also fixes the emitter voltage of Q407 and Q408 ta 
approximately .6 volt below the base levels. ‘Vhere- 
fore, Q405 and Q406 are voltage-to-current converters 
and feed into the common base amplifiers consisting 
of Q407 and Q408. This arrangement is called a cas- 
code amplifier and obtains maximum bandwidth 
from the transistors used. ‘he ferrite beads and K433 
and R434 limit oscillations in the output amplifier. 
R437 supplies current to operate the Zener diode, 
D401. The load resistors consist of 4 series combina- 
tion of R438, R439, R441, R442, R443, R444, R445 and 
R446. Coils L401 and L402 together make up the 
shunt peaking network. 


The output is then coupled through R447 and R448 to 
the vertical deflection plates in the CRT. C413 is a 
power supply filter capacitor. 


TRIGGER, SWEEP, HORIZONTAL AMPLIFIER, 
AND CALIBRATOR CIRCUITS 


On command from a trigger pulse, the sweep circuits 
generate a linear ramp signal to drive the horizontal 
deflection plates, They also generate pulses of proper 
amplitude to unblank the CRT to specified brightness 
levels. In the automatic triggering mode, if no trigger 
signal is present, the auto-baseline circuit allows the 
sweep generator to function and provide an automa- 
tic baseline. 


NOTE: Some of the following circuits use both TTL 
and ECL. integrated circuits. These circuits operate at 
different logic levels: 


ECL — logic 0, ur low, is < -1.6 V. 
logic 1, or high, is > .9 V. 


TTL — logic 0, or low, is <.8. 
logic 1, or high. is > 2.0 
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TRIGGER 


A trigger signal (Line, Y1, Y2 or Ext) is selected by 
Trigger Select switch SW502A, is applied through 
the Trigger Coupling circuits, and then is coupled 
through the plus or minus (+ or —) selector (SW502B) 
to the trigger amplifier circuits. External trigger sig- 
nals are first amplified by the external trigger 
amplifier before they are applied lo the Trigger Select 
switch. This amplifier consists of source follower 
Q711, constant current source Q712 and emitter fol- 
lower Q7 10. R775 sets the input impedance, R776 and 
D709 form over-voltage input protection, and C731 
forms a high frequency path around R776. External 
trigger zero control R779 sets the bias voltage so that 
the emitter of Q710 is at zero volts. 


The trigger coupling switches allow you to select one 
of four coupling modes: DC, AC, through C512 and 
C513; AC Fast, through C514 (passes only signals of 
5000 hertz or greater); and‘!'V. Capacitors C512, C0513, 
C515 and R701 form a low frequency divider that 
passes only AC signals under 1000 hertz. 


The signal at part B of the Trigger Select switch is 
compared with the voltage on level control R502 by 
the trigger amplifier. The signal is amplified and then 
shaped by U701. Transistor Q703 isa constant current 
source for differential amplifier transistors Q701 and 
Q702, control R716 (Trig Level) adjusts the current 
through the stage, and control K711 balances the out- 
put. 


U701B then further amplifies the signal, U701A 
“squares il up" (R723 and R722 make it a Schmitt 
trigger),and U701C amplifies it again and applies it to 
U702B, U703A and the auto-baseline generator, 


When the TV Trig Coupling switch is in, U703A is 
inhibited, and U702B divides the trigger signal by 
two and applies it to U702A of the sweep control 
circuits. When the TV switch is not in, the trigger 
signal is coupled through LI703A to Lie sweep control 
circuits. The auto-baseline circuit consists of Q706, 
Q707 and Q708. When a trigger signal is present, 
Q706 and Q707 conduct and charge C711. This 
causes Q708 to conduct and turn on Q704, which 
turns on D702, the Trig LED. When there is no trigger 
signal; C711 discharges through R735, Q708 and 
R738; and causes Q708, Q709 and the LED to turn off. 


SWEEP 


As shown on the Schematic, the Auto switch is acti- 
vated (pushed in). With trigger signals coming in, 
both pins 12 and 13 of U703C are at logic low. This 
means pin 14 is high and pin 6 of U703B is low. When 
the end of the sweep is sensed, 11702A is reset by a 
high at pin 4 and then waits for another trigger signal 
at pin 6. When there are no trigger signals coming in, 
U703C pin 13 goes high (Q708 turns off) and drives 
pin 14 low. 


Now with Low's on pins 9, 10 and 11 of (17038, pin6 
is high, which automatically keeps setting U702A 
and starting a new sweep al the end of the previous 
one. When the Norm switch is in, the Auto switch is 
out and puts a high on pin Y of U7U3B. This keeps pin 
6 low so that U702A will only start a sweep when a 
trigger signal comes in to pin 6. 


Sweep control [C U702A changes state when a trigger 
signal is received al pin 6. This transition is translated 
to TTL levels by Q704 and Q705, and applied to 
transistor Q501, 


A low from the translator turns off Q501 toallow the A 
Sweep Generator tu generate a ramp. Resistors R501, 
R502, R503, R504, R505, R506, R507, R508, R509, are 
timing resistors and are selected by the Time Base 
Switch. Capacitors (501, (502, C503, and C504 are 
liming capacitors, also selected by this switch. U501 
and the emitter follower Q502 monitor the generated 
ramp. Q502 provics the drive to oulput circuits con- 
nected to the sweep gencrator. Resistor R511 and 
control R524, the variable time base control, and 
D501, D502, and R512, form a boot-strap circuit that 
maintains a constant voltage across the liming resis- 
tors to insure a constant current through them, and 
therefore, produces a linear ramp. This circuit is con- 
nected between the emitter of Q502 and the +82-volts 
power supply. The ramp signal is connected to 
lors R521 (sweep length control) R522 and R523. 


g- 


When the amplitude of the ramp is of sufficient height 
as set by the sweep length control, U707A will change 
state. The pulse is coupled to pin 3 of U710A. Pin 14 
of 710A will change stale immediately. This pulse is 
coupled through U709, Sections Cand B, tothe blank- 
ing amplifier to blank the CRT. The output of U707A 
is also coupled to a delay monostable consisting of 
U706, Sections Cand D. The circuit delays the control 
pulse long enough for the blanking circuits to start 
blanking the tube; then il couples the pulse to U705. 


Page 29 


(a __ 


U705 and capacitors C517, C518, C519, C521, C522, 
C523 along with resistors R766 and R765, the variable 
holdoff, form the trigger holdoff circuit that allows 
the sweep generating circuits to settle down before 
the sweep control IC recognizes the next trigger 
pulse. U705 produces a pulse as soon as it receives the 
pulse from the monostuble, U706. The pulse is 
coupled through U706B, translator resistors R763, 
R764 and R746 to pin 13 of U704C, to pin 4 of Sweep 
control U702A, 


Pin4 is the reset pin for U702A. The outputs of U702A 
change state and turn on Q501 which discharges the 
timing capacitor and causes the retrace. The output of 
the translator at 1706B is also connected to pin 10 of 
U703B. If the Trigger Mode switch is in the Auto 
position and there is nut a lrigger signal, U703B will 
produce a pulse to make control IC U702A change 
state as soon as the holdoff time is finished; which in 
turn tells Q501 to turn off and allows the sweep 
generator to start a new ramp. U707B also monitors 
the output of the ramp generator. If the voltage at the 
top of resistor R523 becomes large enough, U707B 
will change state. Its pulse is also coupled through 
U706B and U704C to pin 4 of control U702A, telling it 
to end the ramp. This circuit bypasses the holdoff 
circuit and acts as an anti-lockup circuit to reset the 
rainp generator, both in case of a missed pulse and 
during inilial turn on of the Oscilloscope. 


In the single sweep mode, an ECL low at pin 11 of 
U704B ovcurs when the Single switch is pushed. This 
enables cross-coupled latch U704A and U704B, Pin 
13 of U704C and pin 4 of U704A are normally low 
between sweeps. Pushing the Reset switch causes an 
ECL high to be coupled through noise filter C716, 
R752, C715, and R753 to pin 10 of U704B. This puls 
an ECL low on pin 6 of U7048, pin 12 of U704C, and 
pin 5 of U704A. This produces an RCI. low on the 
reset side of 702A (pin 4) and allows it Lo sweep 
when a trigger signal is detected and the toggle input 
(U702A pin 6) is pulsed low. The “end of sweep” 
signal appears at U704A pin 4 as an ECL high, causing 
the latch to change slate and put an ECL high on 
U702A pin 4. This prevents another sweep until the 
Reset switch is pushed again and the latch changes 
back to wait for another pulse. 


The output, from Q502, of the sweep generator is 
coupled through R519 and switch $SW702 B and Glo 
the horizontal amplifier. The signal is also coupled 
from U501 pin 6 to the B time base trigger circuits, 
transistor Q604, Q605 and Q606. R638, the Delay 


Time Position control, sets the point at which the B 
trigger circuits will trigger. The output of Q606 is 
coupled through capacitor C613 to the input of 
UG02C. U602C and U606D are cross-coupled gates. 
As soon as the pulse is supplied to pin 9, pin B goes to 
a 1 state and is coupled through U602R lo ramp 
switch Q601, The low at Q601 causes it ta turn off to 
allow the B sweep generator to generale a ramp, 
Transistor Q603 is connected as an FET diode and 
limits the discharge current when Q601 Lurns on to 
end the sweep. 


Timing resistors R601 through R6UY and timing 
capacitors C601 through C604 operate similar to 
those of the A sweep generator previously described. 
U601 and Q6U2 monitor the ramp. Diode D601 and 
1602 form a boot-strap circuit to maintain a constant 
voltage across the timing resistors. The output of the 
sweep generator is connected to sweep length control 
R634 and resistor R635. When the amplitude of the 
signal reaches the predetermined value, U602A 
changes state. The output from UG602A is coupled 
through a delay circuit R636 and C614 and connected 
to pin 13 af (6021. This resets the flip-flop and the 
signal is coupled through U602B to Q601. This turns 
on Q601, which discharges the timing capacitor and 
ends the sweep. The output of the B sweep generalor 
is connected to the horizontal amplifier through "B 
Cal" control R633 and switch SW703C. When the 
delayed sweep feature is not being used, the B sweep 
generator is locked out via switches SW702D and 
SW703D that are connected to pin 5 of U602B that 
keeps any of the pulses from reaching Q601, 


U711 and U708 form a logic array lo control the dual 
trace functions of the scope. Sections A and B of U711 
are connected as an osuillator which operates at ap- 
proximately 200 KHz. When in the Chop mode. this 
oscillator supplies the switching signals for the verti- 
cal channels. U708C provides the output for the chop 
signal to the blanking amplifier and U708A provides 
the output to the vertical board for the toggle func- 
tion. U708L forms the gating action to the oscillator 
when in the Chop mode. ‘The output of L708) is 
connected to the preset of U710A so that when the 
oscilloscope is in the external X or X-Y mode of opera- 
tion, the blanking is held on. U710B is the blanking 
control for B sweep generator 709; sections A, B,C, 
and D; which multiplexes the A and B sweep 
generator blanking signals for the various modes of 
operation, Diodes D706, D705, D704 and D707 con 
nect the blanking signals to blanking control L710 
when the different modes of operation are selected. 


Page 30 


pn 


HORIZONTAL AMPLIFIER 

The horizontal amplifier has several inputs which 
can be selected from the front panel pushbuttons. 
These inputs are the A time base, A intensified by B, B 
Delayed, X-Y, and Ext Horiz modes of operation, In 
the X-Y mode, the trigger amplifier from Channel 2 is 
connected through X-Y Cal control 8790 and switch 
SW704C. Capacitor C735 provides a high frequency 
path around R790, Inthe Ext Horiz mode, the horizon- 
tal amplifier is connected to the output of the external 
horizontal amplifier. Resistor R782 sets the input im- 
pedance for the external amplifier. Resistor R783, that 
is bypassed by capacitor C fin conjunction with 
diode 711 and the gate drain junction of Q713) form 
the input protection for (he external horizontal 
amplifier. Transistor Q713 is connected as a source 
fallower with Q7 14 as the current source for the stage 
Resistor R785, the ext horizontal zero control, sels the 
current through the stage to produce zero volts at the 
source (used at the drain) of Q714. 


The horizontal amplifier has two stages of gain as 
shown on the Schematic Diagram, The first stage con- 
sists of Q716, where the input signal and the horizon- 
tal position voltage are summed together. '‘Vhe signal 
is amplified by approximately 6 and then is cuupled 
directly to the base of Q718. The second stage consists 
of Q718 through Q724 and performs both amplifica- 
tion and single-ended to differential conversion. 


Q718 and Q719 are Ihe inpul stages for the second 
stage of gain, The gain of the second stag, ontrol 


led by 
This network is in parallel with the 
R809 and R11 and produces a gain of approximately 
30. When the “times five ure is used, times five 
Cal control R821 and servic or R819 are swit 
in parallel with the emitter network, thus increasing 
the gain of the stage by five. 


with R815, 
itler resistors 


ed 


‘The differential signal is then coupled from the col- 
lectors of Q718 and Q719 to emitter followers Q721 
and Q722, Q721 and Q722 in turn drive the oulput 
devices Q723 and Q724 respectively. The output of 
the second amplifier drives the CRT plates from the 
collectors of Q723 and Q724. Negative feedback is 
used in both sides of the differential amplifier with 
high frequency compensation across each feedback 
resistor, Trimmer capacitor G738 in series wilh 
capacitor C739 forms a high frequency path around 
feedback resistor R824, and trimmer cap C741 in 
series wilh capacitor C742 forms a high frequency 
path around feedback resistor k829. Diodes D712, 
D713, D714 and D715 prevent the output transistors 
from going into saturation and cutoff in the times five 
mode of operation 


The gain of the second stage is set by the ratio of the 
feedback resistor to the emitter resistor of Q718 and 
Q719. ‘The plate adjust control, R816 at the collectors 
of Q718 and Q714, adjusts the voltage at the output of 
the amplifier for optimum CRT performance, Transis- 
tor Q717, and ils associated components, provides a 
constant voltage source for the inpul of transistor 
(719. Coils L701 and L702 in the collectors of the 
outputs provide shunt peaking to improve the high 
frequency response of the amplifier, 


CALIBRATOR 


Sections C and D of 711 are connected as an oscil- 
lator that oscillates at approximately 1000 hertz. The 
output of the oscillator is coupled by resistor R792 to 
the base of transistor Q715. Resistor string R793, R794 
and R795 is a voltage divider between the #15-voll 
supply and ground, and along with transistor Q715, 
provide a 1-volt peak-to-peak signal al the junction of 
resistor R795 and R794, 
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BLANKING CIRCUITS 


The purpose of the CRT blanking circuits is to control 
the intensity of the trace. The trace has to be turned off 
after each sweep (for retrace] and has to turn on loa 
specified level (controlled by the Intensity control) 
during each sweep. During X-Y and EXT Horizontal 
operation, the trace is left on to the level specified by 
the Intensity control. When in the A intensified by B 
mode, the trace has normal brightness during Whe A 
sweep, but is intensified when the B sweep is run 
ning. Since the control grid and cathode voltage of the 
CRT is about 1500 volts below ground (—1500 VDC), 
and the other Oscilloscope circuits are near ground, 
the blanking circuits have to translate the DC voltage 
coming from the blanking amplifier to the control 
grid, This is done by amplitude modulating an oscil- 
lator (Q905 and Q906) that is capacitor coupled hy 
C911 toa demodulator, D9V7 and Dy08. This demod 
ulator is referenced to the —1590-volt supply and its 
output is coupled to the CRT control grid by R936 and 
R937. 


The amplitude of the oscillator output follows the DC 
output of the blanking amplifier on a one-to-one 
basis. The output of the demodulator follows the peak 
value of the oscillator waveform. This means, then, 
thal the DC output of the blanking amplifier is ans- 
lated to the CRT grid on a one-to-one basis. 


An oscillator signal of larger amplitude (as adjusted 
by the Intensity or CRT Bias controls) will produce a 
more positive DC voltage on the CR' grid which will 
make a brighter trace. A retrace pulse will reduce the 
amplitude of the oscillator signal, and the resulting 
reduced DC voltage will turn off the CRT during “re- 
trace” or “holdoff.” 


To fully understand the blanking circuits, keep the 
following two ideas in mind. 


1. The CRT is fully blanked when the control grid 
is greater than 90 volts more negative than the 
cathode. 


2, As the 90-volt difference between the grid and 
cathode is reduced, the CRT is unblanked and 
the beam intensity is increased. 


‘The blanking amplifier (Q901-Q904) provides the 
necessary gain to amplify the inpul blanking pulses 
and the vollage from the Intensity control. ‘The Inten 
sity control controls the output DC level of the 
amplifier (emitter of Q903), and the inpul blanking 
reduce this DC level for the duration of each 
The leading and trailing edges o! the amplitied 
blanking pulses are capacilor-coupled to the grid of 
the CRT by C912 and R937 


The blanking amplifier has a common base input 
slage, Q901, Here. the inpul blanking pulses and the 
Intensity control voltage are summed in its emitter. 
Transistors Q902, Q903, and Q904 are current and 
voltage amplifiers whose gain is determined by the 
ratio of feadhack resistor R916 and the appropriate 
input resistor: R903, RYO4, RYI6, R9O9, RI11, or 
R912. Capacitor C903 is for high frequency compen 
sation, 


The blanking amplifier is coupled to the emitter of 
Q905 by R916 and R925. Q905 and Q906 form an 
or (907 and emit 
renuy of oscilla 


protects Q906 from negative spikes during turn-on 
when C911 charges, D905 is referenced toa maximum 
voltage thal the oscillator is limited toand clamps the 
output of the oscillator if it trics to exceed this voltage. 
The reference voltage is set hy resistors R933 and 
R934, and C908 fillers this vollage. 


As shown in Pictorial 2-1 (Illustration Booklet, Page 
3) column ‘A’, if a sweep is started, a blanking signal 
from the horizontal board is applied to the input 
and/or if the Intensity control is rotated, the output of 
the first section of the blanking amplifier will be an 
unblanking pulse with a maxisurm amplitude deter- 
mined by the position of the Intensity control. This, in 
turn, controls the amplitude of the oscillator of the 
second section, which in turn will change the value of 
the NC voltage al the output of the demodulator. This 
will unblank the CRT or change the intensity of the 
trace. The unblanking pusle from the output of the 
first section of the blanking amplifier is also coupled 
directly to the grid by capacitor C912, Capacitor C912 
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forms the fast path around the oscillator section. This 
unblanks the CRT immediately and then the oscil- 
lator can follow and hold the tube on to the level set by 
the Intensity control until a blanking pulse is applied 
tothe input. Then the output of the first section of the 
blanking amplifier will go low, and this will decrease 
the level of the oscillator output and blank the CRT. 


As shown in Part ‘A’ by ‘B’ of the Pictorial, in the A 
INTEN BY B mode, both the A and B sweep signals 
and their separate blanking signals are shown. Only 
the A ramp is used but both blanking signals are 
summed by Q901; they appear as the “A” + “B" 
unblank signal. The B portion of the trace is inten- 
sified as shown at the bottom of the Pictorial. In the B 
DELAYED mode, the B ramp is used for the sweep. 


The B ramp is delayed and starts at a selected time 
(Td) after the A ramp starts. 


Circuits on the horizontal board (U709) route the ‘B’ 
blanking signals to the ‘A’ blanking output during the 
B DELAYED mode. ‘lhis corrects for brightness lost 
because the tube is blanked during the ‘A’ ramp and 
only turned on during the ‘B’ ramp. This creates a 
lower on-to-off ratio and a dimmer trace. Using the B 
Ends A control also increases this lost brightness by 
decreasing the off time of the tube: 


‘Two other signals are available to the input of the 
blanking amplifier and are summed the same way as 
the ‘A’ and ‘B’ blanking signals. ‘These are the chop 
blank input and the external Z-axis input. 


POWER SUPPLY 


LOW VOLTAGE POWER SUPPLY 


Line voltage enters the scope through fuse F1 and 
switch SW1 to the primary of transformer T1, Switch 
SW2 puts the primary coils on T'1 either in parallel for 
120-volt operation or ir ics for 240-volt operation. 
SW3 selects whether the high or low voltage tap on 
the primary is used. The 6.3 volt secondary of trans- 
former ‘I'l powers the CRI filament. Another secon- 
dary tap supplies the high voltages for the high volt- 
age oscillator, the deflection circuits, and other CRT 
bias circuits. Diodes D104 and D101 together make a 
full-wave rectifier and filtering is supplicd by 
capacitor C103A. R105 couples voltage to the high 
voltage oscillator circuits and C102 filters the vollage 
to reduce the 120 hertz ripple. R101 adjusts the volt- 
age to the geometry control grid of the CRT. C101 isa 
simple bypass capacitor. The voltage from C103A is 
applied through R106 to C103B for further filtering. 
This voltage (approximately 130 volts) powers the 
horizontal deflection amplifier circuits. Then R107 
further reduces this vollage to power the blanking 
circuit. Another rectifier and filter circuit (D102, 
D103, C103C, C106, R108, and C104) supplies voltage 
toregulator or Q101 to produce constant volt- 
age for the vertical deflection circuits. R111 supplies 
current to zener diodes D113 and D114. They set the 
voltage at the base of Q101 to approximately 92 volts. 
Since the emitter follows the base, its output is about 


six lenths below the voltage at the cathode of D113. 
This produces a regulated voltage for the vertical 
deflection circuits. R109 limits the dissipation of 
transistor Q101 and C105 keeps the circuit stable. 


The next secondary on the transformer is connected 
to diodes D105, N106, D107 and D108. This makes a 
positive and negative full-wave rectifier system. 


The AC outpul of the secondary voltage powers the 
pilot light (through P104 pin 2) and is also applied to 
R112 and C113 to supply voltage fur the line trigger 
signal. The RC network filters the 60 cycle signal for 
more reliable line triggering. The rectifier output 
(from D105-D108) is filtered by C107 and C114 and 
C108 and C109. These vollages are applied to reg- 
ulators U101 and W102. Resistors R113, R114 and 
R115 make up a bias arrangement to sel the regulators 
totrack at +15 and —15 volts. C111 and (112 provide 
output filtering and prevent oscillation. 


The third secondary connects to diodes D109, D110, 
1111, and D112. The output is filtered by C115, 0116, 
€117, C118, and applied to U103 and W104. U103 
maintains a 5-volt regulated output, and R116 and 
R117 set the regulation voltage of U104 to minus 
5.2-volts DC. C119 and C121 further filter the vollage 
coming out of the +5-volland — 5-volt regulators and 
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HIGH VOLTAGE POWER SUPPLY 


The previously mentioned voltage from R105 on the 
low voltage power supply board is connected to L201 
on the high voltage power supply. L201 is a filter to 
keep “trash” from feeding from the high voltage oscil- 
lator into the rest of the Oscilloscope. R201 isa rt 
tor which supplies current to regulator diude D202. 
The zener voltage of this diude is 30 valts and is used 
to operate regulator integrated circuit U201. Q1 isa 
simple series pass transistor that sets the voltage at 
the primary of high voltage transformer T201. The 
output voltage of T201 is proportional to the voltage 
at this point. 


T201, Q2, C202, R218, R204, and C2U3 make a class C 
high voltage oscillator circuil. The purpose of R204 is 
to start the oscillator initially and maintain DC bias, 
C203 acts as a resonator circuit for the primary of the 
transformer, and C202 maintains a bias on Q2 while 
the oscillator is operating. RF voltage al the secondary 
of this ou atur, which is abuult 40 kHz. feeds to the 
packaged tripler on top of the transformer and is mul- 
tiplied up to an 8500-volt level. The voltage coming 
out of the other secondary is rectified through D201 
and filtered by C204, R205 and C205. This voltage is 
about — 1590 volts and runs the CRT gun circuits. The 
CRT cathode, which is at —1500 volts, is directly 
hooked into the resistor divider string consisting of 
resistors R213, R214, R215, R216 and Focus control 
R2. This resistor string has two purposes. First, it 
supplies the bias voltages required for the CRT focus 
grid and secondly it supplies current to vollage reg- 
ulatur L201. 


U201 isa standard operational amplifier connected as 
an inverting amplifier. Resistors R208 and R212 di- 
vide the 30 volis down to approximately 10 volts 
which is applied to the positive terminal, pin 3. R209 
supplies current to D203, which is a 5-volt reference 
diode. This assures that the voltage at the junction of 


R209 and R211 is five volts above the voltage of U2U1, 
pin 3. Having a very high gain. the operational 
amplifier will [ry to make the voltages at pins 2 and 3 
equal. Since the voltage at the stor junction is 5 
volts above the voltage at pin 3. the voltage across 
R211 is 5 volts. This will set a certain reference cur- 
rent into the node at pin 2. 


The —1500 volts is connected to the top of the previ- 
ously mentioned resistor string (R213, R214, R215, 
and R216). If this 1500 volts is constant, a constant 
current will flow through the resistor string. Re- 
member, the operational amplifier will attempt to 
keep the voltages at pins 2 and 3 equal. In order for 
U201 to keep its input equal, the current through the 
resistor string has to be equal and opposite to the 
current in R211, Therefore, control R211 sets the vol- 
tage at the —1500-volt level, 


The output voltage of the operational amplifier varies 
typically between 0 and 30 volts. ‘his drives Q201, 
which translates this voltage up to approximately 90 
to 125 volts and then drives pass transistor Q1, R207 
limits the base current into Q201 and R206 sets the 
gain of that stage. The collector current of Q201 is 
supplied by R202 and connects directly to the base of 
QL. The emitter voltage at Q1 is about .6 voll below 
the base, and that is the voltage that runs the high 
voltage oscillator circuit. If the —1500 volts should 
drap (lo say, —1400 volts), there is less current at 
U201 pin 2. In order for U201 to maintain balance, its 
output voltage has to drop. When this drops, it feeds 
less current to Q201, which increases the collector 
voltage of Q201 and the base voltage of Q1. Therefore, 
the emitter voltage of Q1 goes up, which supplies 
more voltage to the oscillator circuil itself. This will 
supply enough extra voltage to the input of the oseil- 
lator such that the output of the oscillator will then 
put —1500 volts at the top of the resistor string and 
again balance the circuit. 
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CALIBRATION 


This section of the Manual is divided into two parts: 
“Initial Calibration” and “Touch-Up Adjustments.” 
The “Initial Calibration” must always be performed 
after the Oscilloscope has been serviced or parts have 
heen replaced. The ‘Touch-Up Adjustments” must 
always be performed after the “Initial Calibration” 
and any time you doubl the accuracy of your Os- 
cilloscope. 


INITIAL CALIBRATION 


The following equipment is needed to calibrate your Controls and adjustments associated with channel ¥1 
Oscilloscope: are identified as Y1, CH1, or a “—1" following the 
circuit component number, such as R301-1. Channel 

@ VTVM. Y2 controls and adjustments are identified as Y2, 


i CH2, or a “—2" following the circuit component 
2 Ieathkit Oscilloscope Calibrator —OR—A number. Use the plastic alignment tool supplied with 


Square Wave Generator capable of produc- this kit to reach and make the adjustments. Some 
ing 1 kHz to 1 MHz signals, with up to5 ——adjustnents require a tool with a narrow blade. Use 
volts output rise time <4 ns and overshoot the “calibration tool” prepared for those. 

<1%. 


If you do not obtain the proper results in the following 
© Sine wave generator capable of 100 kHz. steps, turn the Oscilloscope off, refer to the ‘“I'rou- 
bleshooling” section of the Manual, and correct any 
@ A 1000 Hz Square Wave Voltage Calibrator difficulties before proceeding 
(1 to 10 volt output) is also recommended, 
but not necessary; accurate in amplitude to 
1% at 1 volt; accurale in frequency to 1%. 
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LINE VOLTAGE 


‘Turn off the Oscilloscope and disconnect the line 
cord plug from the AC power source. 


Remove the six rear panel screws and slide the Oscil- 
luscope out of the cabinet. Be careful not to touch any 
of the circuitry when you move the Oscilloscope 
araund for various adjustments. Dangerous voltages 
are present. 


WARNING: Observe the safety precautions that per 
tain to your particular voltmeter when you measure 
the power line voltage in the following step. 


NOTE: With the cabinet removed from the Oscillos- 
cope, sume signal drift will occur. This is due to the 
thermal drift of the sensitive vertical preamplifier 
circuits, 


1. Measure the line voltage. 


If the line voltage is below 115 (or 235) volts AC, 
set the rear panel NOR-LOW switch to LOW. 
Otherwise, leave it in the NOR position. 


3, Connect the line cord plug tu the AC power 
source. 


4. Turn the ON-OFF switch clockwise lo turn on 
the Oscilloscope. The power indicator lamp 
should light. 


5. Allow the Oscilloscope to warm up for 30 mi- 
nutes before you proceed. 


WARNING: When the line cord is connected toan AC 
outlet, AC voltage will be present at several places on 
the chassis and on the control circuit board. When the 
Oscilloscope is turned on, high voltage DC will also 
be present. Ke careful that you do not contact this 
voltage oran electrical shock will result. See Pictorial 
3-1 (INustration Booklet, Page 5). 


HIGH VOLTAGE 


Refer to Pictorial 3-1 to locate the high voltage circuit 
board. 


Adjust your voltmeter to measure — 1500 volts DC. 


Connect the negative voltmeter lead to the Oscillo- 
scope chassis. 


Refer to Pictorial 3-2 (Illustration Booklet, Page 5), 


measure TP1, and then adjust the HIGH VOLTAGE, 
ADJ control for —1500 valts DC. 


BEAM ADJUSTMENTS 


Refer to Pictorial 3-1 (Illustration Booklet, Page 5] to 
locate the remaining seven circuit boards. 
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Momentarily refer to Pictorial 3-6 (Illustration Book- 
let, Page 6) and adjust trimmer capacitors C738 and 


C741 as shown in the inset drawing. 


Set the indicated front panel controls as follows: 


VERTICAL SECTION 


HORIZONTAL 8) 


Yu 
INPUT switch (AC-CND-DC) 
VOLTS/CM 
VARIABLE 
POSITION 
PULL TO INVERT 


Y2: 
INPUT switch (AC-GND-DC} 
VOLTS/CM 
VARIABLE 
POSITION 
PULL TO INVERT 


VERTICAL DISPLAY 


STION 

HORIZONTAL DISPLAY 
DELAY TIME POSITION 
HORIZONTAL POSITION 
A TIME/CM 

B TIME/CM 

VARIABLE 

HOLD O}'l’ 


TRIGGER SECTION 


TRIGGER MODE 
TRIG COUPLING 
TRIGGER SELECT 
LEVEL 


BEAM SECTION 


INTENSITY 
FOCUS 
ON-OFF 


GND 

AV 

Fully clockwise (CAL) 
Center of rotation 


IN 


GND 

Rae 

Fully clockwise (CAL) 
Center of rotation 

IN 


¥1 


A 

Any position 

Center of rotation and pushed in 
Tims 

lms 

Fully clockwise (CAL) 

Fully counterclockwise 


AUTO 

AC 

EXT + 

Fully clockwise 


Fully clockwise 
Center of rotation 
ON 
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PICTORIAL 3-4 


After a few moments, a trace should appear on the 
CRT. If it does not appear, refer to Pictorial 3-4 and 
adjust the CRT BIAS control counterclockwise until a 
trace appears. 


Turn the INTENSITY control counterclockwise lo the 
8 o'clock position, 


Refer to Pictorial 3-4 and adjust the CRT BIAS control 
until the trace just turns off. 


Adjust the INTENSITY control until the brightness of 
the display is like you want it. 


Push in the X-Y pushbutton. 


Adjust the Y2 POSITION and HORIZONTAL POSI 
TION controls to center the dot on the screen. 


Alternately adjust the FOCUS and ASTIGMATISM 
controls (see Pictorial 3-5) to obtain as small and 
round a dot as possible 


Adjust the IIORIZONTAL POSITION control until 
the heat sinks of Q723 and Q724 (on the horizontal 
circuit board; see Pictorial 3-6, Illustration Booklet, 
Page 6) are both at the same voltage. Then adjust the 
horizontal circuit board PLATE ADJ control until the 
heal sinks both measure 60 volts. 


PICTORIAL 3-5 


Push in the A pushbutton and adjust the INTENSITY, 
Y1 POSITION and HORIZONTAL POSITION con- 
trols for a trace centered on the CLL, 


Set the A and B ‘TIME/CM switches to 1 ms. 


Adjust the ‘RACE ROTATION control (sce Pictorial 
3-5) until the trace is parallel with the horizontal 
graticule lines. If the control does not have enongh 
adjustment, turn the Oscilloscupe off and perform the 
following step that pertains to your situation. 


— Ifthe control is fully clockwise: Remove the 
trace rotation wire from terminal stip DA 
lug 1 and solder it to control R3 lug 3 (an 
orange wire is also at this lug). 


— If the control is fully counterclockwise: 
Remove the trace rotation wire from termi- 
nal strip DA lug 1 and solder it to control R3 
Ing 1 (a gray wire is also at this lug). 
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GEOMETRY ADJUSTMENT 


Set the Y1 INPUT switch to AC. Connect an approxi- Refer to Pictorial 3-6 and adjust the A time hase circuit 
mate 100 KHz sine wave to the Y1 INPUT connector board SWEEP LENGTH control and the front panel 
and adjust its amplitude for a display that is 8 em HORIZONTAL POSITION control until the display is 
high. 10 cm long as shown in Pictorial 3-7 Part A, 


Ran 
CORRECT a! 
WRONG Teen 
WRONG 


PICTORIAL 3-7 
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Refer to Pictorial 3-8 and adjust the low voltage cir 
cuit board GEOMETRY control until the display is as 
shown in Part A (edges as straight as possible) of 
Pictorial 3-7, and not as shown in Parls B and CG of the 
Pictorial, (Readjust the controls in the previous step if 
necessary. Correct adjustment may occur when the 
GEOMETRY control is fully counterclockwise.) 


Disconnect the sine wave from the Y1 INPUT connec- 
tor. 


VERTICAT, AMPLIFIER 
Pusition the Y1 INPUT switch to GND. 


NOTE: The preamplifier circuits are very sensitive 
and air currents may cause the trace to drift. There 
fore, perform the following adjustments in an area 
where the air is still. 


Channel Y1: Perform the following numbered steps 
(1-14). Adjust only the controls marked Y1 or as- 
sociated with channel Y1, 


1, Adjust the POSITION control to place the trace 
on the horizontal centerline. 
2. Turn the VARIABLE control fully coun 


terclockwise and note the position of the trace. 


LP 


AL 3-8 


3. Turn the VARIABLE control fully clockwise 
(CAL) and adjust the DC BAL control (through 
the front panel) until the trace is in the same 


position as the previous step. 


Repeat steps 2 and 3 until no more improvement 
can be made. 


o 


Turn the VOLTS/GM switch tu 2 mV and repeat 
steps 2, 3, and 4. 


Center the trace on the screen and then pull the 
PULL ‘TO INVERT switch out and note the new 
position of the trace. If necessary, use the POSI- 
TION control to bring the trace back on the 
screen. 


Push the PULL TO INVERT switch in, refer to 
Pictorial 3-9 (Illustration Booklet, Page 7), and 
adjust the OFFSET RAI. control (on the vert 
preamp circuit board) to center the trace be- 
tween the two posilions. 


Repeat steps 6 and 7 until the trace does not 
move when you operate the PULL TO INVERT 
switch. Leave the switch in its in position. 


Adjust your voltmeter to measure +15 volts DC. 
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CUSTOMER SERVICE 


REPLACEMENT PARTS 


Please provide complete information when you request re- 
placements from either the factory or Heath/Zenith Com- 
puters and Electronics centers. Be certain to include the 
HEATH part number exactly as it appears in the parts list. 


ORDERING FROM THE FACTORY 


Print all of the information requested on the parts order form 
furnished with this product and mail it to Heath. For telephone 
orders (parts only) dial 616 982-3571. If you are unable to 
locate an order form, write us a letter or card including: 


® Heath part number. 

® Model number. 

® Date of purchase. 

© Location purchased or invoice number. 

© Nature of the defect. 

© Your payment or authorization for COD shipment of parts 
not covered by warranty. 

Mail letters to: | Heath Company 

Benton Harbor 

MI 49022 

Attn: Parts Replacement 


Retain original parts until you receive replacements. 
Parts that should be returned to the factory will be listed 
on your packing slip. 


OBTAINING REPLACEMENTS FROM HEATH/ZENITH 
COMPUTER AND ELECTRONICS CENTERS 


For your convenience, “over the counter” replacement parts 
are available from the Heath/Zenith Computer and Elec- 
tronics centers listed in your catalog. Be sure to bring in 
the original part and purchase invoice when you request a 
warranty replacement from a Heath/Zenith Computer and 
Electronics center. 


TECHNICAL CONSULTATION 


Need help with your kit? — Self-Service? — Construction? 
— Operation? — Call or write for assistance. You'll find our 
Technical Consultants eager to help with just about any tech- 
nical problem except “customizing” for unique applications. 


The effectiveness of our consultation service depends on 
the information you furnish. Be sure to tell us: 


® The Model number and Series number from the blue and 
white label. 

© The date of purchase. 

® Anexact description ofthe difficulty. 

® Everything you have done in attempting to correct the 
problem. 


Also include switch positions, connections to other units, 
operating procedures, voltage readings, and any other infor- 
mation you think might be helpful. 


Please do not send parts for testing, unless this is specifi- 
cally requested by our Consultants. 


Hints: Telephone traffic is lightest at midweek — please be 
sure your Manual and notes are on hand when you call. 


Heath/Zenith Computer and Electronics center facilities are 
also available for telephone or "walk-in" personal assistance. 


REPAIR SERVICE 


Service facilities are available, if they are needed, to repair 
your completed kit. (Kits that have been modified, soldered 
with paste flux or acid core solder, cannot be accepted for 
repair.) 


If it is convenient, personally deliver your kit to a Heath/ 
Zenith Computers and Electronics center. For warranty 


parts replacement, supply a copy of the invoice or sales 


slip. 


If you prefer to ship your kit to the factory, attach a letter 
containing the following information directly to the unit: 


® Your name and address. 
© Date of purchase and invoice number. 
e lie of all correspondence relevant to the service of the 
it. 
© A brief description of the difficulty. 
® Authorization to return your kit COD for the service and 
shipping charges. (This will reduce the possibility of delay.) 


Check the equipment to see that all screws and parts are 
secured, (Do not include any wooden cabinets or color televi- 
sion picture tubes, as these are easily damaged in shipment. 
Do not include the kit Manual.) Place the equipment in a strong 
carton with at least THREE INCHES of resilient packing mate- 
rial (shredded paper, excelsior, etc.) on all sides. Use addi- 
tional packing material where there are protrusions (control 
sticks, large knobs, etc.). If the unit weighs over 15 Ibs., place 
this carton in another one with 3/4” of packing material bet- 
ween the two. 


Seal the carton with reinforced gummed tape, tie it with a 
strong cord, and mark it “Fragile” on at least two sides. Re- 
member, the carrier will not accept liability for shipping dam- 
age if the unitis insufficiently packed. Ship by prepaid express, 
United Parcel Service, or insured Parcel Post to: 


Heath Company 
Service Department 
Benton Harbor, Michigan 49022 
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